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1.0  INTRODUCTION,  SUMMARY  AND  CONCLUSIONS 


The  Deepwater  Port  Act  of  1974  gives  the  Secretary  of 
the  Department  of  Transportation  and,  by  delegation,  the  U.  S. 

Coast  Guard  specific  authority  to  regulate  the  design,  construction 
and  operation  of  deepwater  ports  off  the  coast  of  the  United  States. 

Some  of  these  regulations  deal  with  safety  and  prevention  of  oil 
pollution.  This  study  is  one  of  several  providing  information  for 
future  regulations  dealing  with  pollution.  More  specifically, 
this  study  has  the  overall  objectives  of  identifying  and  assessing 
inspection  methods  and  procedures  for  the  OTS  (Oil  Transfer  System) 
of  deepwater  ports  (DWPs).  Inspection  methods  and  procedures  are  defined 
in  this  study  as  the  detection  of  defects* **  in  materials  and  components  of 
the  OTS  such  that  repair,  replacement  or  shutdown  of  the  OTS  can  be 
accomplished  to  prevent  or  limit  ultimate  oil  pollution.  The  envisioned 
results  will  provide  cost-effective  means  of  minimizing  accidents  and  oil 
spills  from  this  system.  Other  concurrent  programs  complement  this 
study;  they  deal  with  tankships  and  their  movements,  oil  spill  clean-up 
equipment  and  procedures,  and  the  control  system  for  the  OTS. 

The  strategy  of  the  study  was  first  to  identify  those 
failures  of  components  and  subsystems  of  the  OTS,  together  with 
the  subsystems  of  associated  structures  and  controls,  which 
contribute  most  significantly  to  the  risk  of  oil  spills  and  which 
are  amenable  to  risk  reduction  through  inspection.  Second,  candidate 
inspection  methods  and  procedures  were  selected  and  then  ranked  based 
on  their  potential  for  reducing  risk.  The  results  of  the  first 

A 

stage  are  present  in  Reference  1,  System  Safety  Analysis;  Report. 

The  results  of  the  second  stage  are  described  in  this  report. 

This  study  included  methods  and  procedures  to  inspect 
both  the  components  of  the  OTS  itself  and  other  elements  whose 
failure  could  affect  the  integrity  of  the  OTS.  Clearly,  the 
failure  of  some  component  which  contains  oil  (e.g.,  piping,  hose. 


* Includes  both  inspection  for  internal  component  defects  before  leakage 
occurs  and  inspection  for  a defect  that  may  be  causing  a tiny  leak 
but  not  in  oil  pollution  incident. 

**  For  convenience,  Reference  1 is  Included  in  this  report  as  Appendix  C. 
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etc.)  could  result  directly  in  an  oil  spill.  The  failure  of  components, 
such  as  the  mooring  hawsers  and  structure  of  the  pumping  platform, 
also  could  lead  to  the  failure  of  an  OTS  component  and  an  oil  spill. 
Finally,  various  mistakes,  such  as  the  wrong  valve  alignment  or  a 
faulty  connection  made  by  the  human  operators,  could  cause  an  oil 
spill.  All  of  these  items  are  potential  subjects  of  inspections  whose 
purpose  is  to  detect  faulty  conditions  and  to  prevent  or  at  least  to 
limit  the  extent  of  spills  of  oil. 

Primarily,  the  study  deals  with  inspections  which  are 
applicable  to  the  OTS  during  its  steady  operation  as  distinguished 
from  a startup  condition.  The  steady  operation  period  was  used  to 
assess  the  effectiveness  and  cost  of  candidate  inspection  methods. 
However,  most  of  the  inspection  methods  considered  and  recommended 
also  could  be  used  effectively  during  the  startup  of  operations  of  a 
deepwater  port. 

In  this  connection,  the  inspection  methods  apply  primarily 
to  the  components  of  the  OTS  onsite.  Specific  methods  to  inspect 
components  before  assembly  were  not  considered.  In  particular, 
inspection  methods  for  the  quality  control  of  individual  hose  segments 
were  not  studied.  These  methods  were  the  subject  of  a parallel  study 
(Reference  48)  conducted  by  the  Transportation  Systems  Center, 

Department  of  Transportation.  However,  again  it  should  be  noted  that 
the  inspection  methods  considered  in  this  study  rould  be  effective  for 
these  purposes,  also. 

All  types  of  inspection  methods  were  considered. 

The  methods  included  those  which  might  reduce  the  frequency  of  spills 
and  those  which  might  limit  the  volume  of  oil  lost  if  a spill  occurred. 
Also,  the  methods  included  those  used  in  1970  and  1971,  the  baseline 
period  for  the  safety  study  of  Reference  1,  state-of-the-art  methods 
in  1977,  methods  currently  in  the  development  state  and  methods 
which  appear  to  be  feasible  but  are  yet  to  be  tried  for  deepwater  ports. 
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The  inspection  methods  can  be  categorized  into  nine  groups. 


(1)  Visual : from  a launch,  deck  of  ship,  aircraft,  diver,  submersible 
platform,  buoy  or  land,  and  with  optical  borehole  (internal  inspection), 
low-light  TV  monitor  and  oil -sensitive  tape  detection. 

(2)  Oil  Spill  Detectors:  on  launch,  ship,  platform,  aircraft,  SPM 
(Single  Point  Mooring)  buoy  and  a special  buoy. 

(3)  Dynamic  Insertions  Into  OTS:  dye  tracing,  inspection  pigs, 
hydrostatic  (pressure  drop),  reflected  pressure  wave  (from  cracks), 
vacuum  (with  inspection  pig),  external  hydrostatic  and  acoustic 
resonance 

(4)  Corrosion:  flow  sampling,  corrosion  meter  (electric  potential, 
continuity  or  corrosion  monitoring),  holiday  detector  and 
cathodic  protection 

(5)  NDT  (Non-Destructive  Testing):  passive  ultrasonics,  active  ultrasonics, 
x-ray,  radioactive  isotope,  gamma  ray,  magnetic  particle,  magnetic 
rubber,  magnetic  foil,  ultrasonic  imaging,  eddy  current,  penetrants, 
bolt  tightness  and  size  measurements 

(6)  Survey : sonar  (pipeline  bare  surface  and  overburden  inspection), 
surveying  (component  location)  and  scour 

(7)  Oil  Transfer  Control  System:  pressure,  volumetric  flow,  flow  velocity, 
mathematical  modeling  and  leak  pressure  wave 

(8)  Special  Methods:  passive  acoustic  array  - leaks,  passive  acoustic 
array  - acoustic  emission,  passive  acoustic  array  - machinery 
vibration,  strain  gauge  load  sensor,  continuous  thermistor,  laser 
detection,  shroud  with  EMP  pulsed  coaxial  cable,  double  wall 
pipe,  double  wall  hose,  external  loading,  seal  leak  detector  and 
liquid  level  sensor 

(9)  Manufacturer  and  Miscellaneous:  inspection  schedule  and  maintenance, 
operational  checks,  control  room  monitors,  alarms,  shut-off,  hydro- 
carbon probe  magnetic  chip  and  oil  odor 

In  conjunction  with  the  failure  analysis  presented  in 

Reference  1,  a preliminary  selection  of  these  inspection  methods  was 

made  for  each  OTS  component  and  other  relevant  components  of  the  deepwater 

port.  This  selection  was  based  on  five  criteria: 

(1)  The  ability  to  detect  an  incipient  failure  of  a component  or 
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subsystem,  subsystem,  and  thereby  orovide  a criterion  for  repair  or 
replacement  before  a spill  should  occur; 

(2)  The  ability  to  identify  the  defective  component  and,  when 
appropriate,  locate  the  component  (e.g.,  a long  pipeline); 

(3)  The  ability  to  give  easily  understood  and  unambiguous  results; 

(4)  The  ease  with  which  the  inspection  method  can  be  implemented, 
including  cost,  complexity  of  use,  number  of  personnel  required 
and  reliability  in  a marine  environment; 

(5)  The  adaptability  to  a wide  range  of  types  and  locations  of 
deepwater  ports 

These  criteria  and  other  factors  are  discussed  in  Section  2 
of  this  report.  The  preliminary  selection  and  application  of  the 
inspection  methods  to  the  several  components  of  the  OTS  and  deepwater  ports 
are  described  in  Section  3.  Section  4 presents  a cost-effectiveness 
analysis  of  the  inspection  methods.  Effectiveness  was  estimated  in 
terms  of  the  reduced  risk  of  oil  spills.  The  estimates  were  based  on 
the  potential  for  oil  spills,  as  developed  in  Reference  1 for  a 1970-1971 
baseline  deepwater  port,  and  the  ability  of  the  inspection  method  to 
reduce  the  frequency  of  a spill  or  to  limit  the  amount  of  oil  lost  if 
a spill  should  occur. 

The  cost-effectiveness  analysis  was  carried  out  in  Section  4 
for  the  inspection  methods  and  procedures  that  were  considered  to  provide 
the  best  available  technology  for  a hypothetical  deepwater  port  in  U.  S. 
waters.  All  significant  costs  were  used  in  the  evaluation.  Effectiveness 
was  measured  by  considering  both  the  probability  of  a pollution  incident 
caused  by  an  OTS  component  failure  and  the  probability  of  detecting  incipient 
failure.  All  significant  factors  such  as  inspection  method,  reliability, 
operational  readiness  and  design  adequacy  were  considered.  The  cost- 
effectiveness  analysis  was  the  primary  consideration  for  recommendations  of 
the  inspection  methods  and  procedures  in  Sections  5.2  and  5.3.  This  was 
also  used  in  the  recommendations  of  alternate  or  back-up  methods  that 
might  be  needed  because  of  circumstances  caused,  for  example,  by  operational 
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or  environmental  conditions.  Consideration  also  was  given  to  the  use 
of  more  than  one  inspection  method  in  situations  where  a single  inspection 
method  would  not  provide  adequate  effective  inspection,  such  as  the 

inspection  of  hose  strings.  In  order  to  effectively  minimize  costs, 
the  use  of  both  sequential  inspection  methods  that  provide  increasing 
level  of  detail  and  the  use  of  an  inspection  method  for  multiple  uses 
to  help  defray  costs  were  also  evaluated. 

Based  on  this  cost-effectiveness  analysis,  inspection  procedures 
and  methods  for  U.S.  deepwater  ports  are  recommended  in  Section  5.  For  many 
OTS  components,  such  as  hose  strings,  pipelines  and  mooring  systems,  new 
or  developmental  inspection  methods  and  procedures  are  available  which  can 
substantially  reduce  oil  spill  risks  (see  Sections  4.4.1,  4.4.2,  4.4.4, 

4.4.6  and  4.4.7),  and  these  are  recommended.  However,  this  cost-effectiveness 
was  not  the  only  criterion  for  the  recommendation.  As  discussed  in  Reference 
1,  a low  oil  spill  risk  associated  with  some  OTS  components  arises  in  part 
from  inspection  methods  commonly  used.  Thus,  these  methods  are  recommended 
also  in  Section  5.2.  Examples  of  these  methods  are  the  use  of  well- 
developed  techniques  for  inspections  of  offshore  platform  supports,  navigation 
equipment,  piping,  machinery,  etc. 

Minimizing  the  frequency  and  volume  of  spills  requires  implementation 
of  inspection  methods  and  procedures  that  may  necessitate  some  added  costs.* 

For  example,  using  a mooring  line  load  monitor  which  only  sounds  an  alarm 
when  excessive  loading  occurs  is  a good  low  cost  approach  to  reducing  risks. 
However,  adding  continuous  monito'^ing  of  the  loads  and  monitoring  on  the 
pumping  platform,  possibly  with  a low  cost  computerized  system,  and  a 
scheduling  of  mooring  load  system  calibrations  would  provide  more  effective 
incipient  failure  detection. 


* These  costs  are  very  low  considering  the  cost  of  the  DWP  and  normal 
operational  costs. 
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A summary  of  the  main  recommended  inspection  methods  and 
procedures  include  the  following. 

(1)  HOSE  STRING  AND  MOORING  SYSTEM 
Methods  and  current  use 

• Visual  inspections  from  launch  with  oil  spill  detectors— 
periodic 

• Visual  inspections  from  deck  of  ship  with  low-light  TV  and 
ultraviolet  light--continuous 

• Visual  inspections  from  launch  or  small  boat  with  oil  spill 
detectors  during  offloading--continuous 

e Hydrostatic  tests,  dye  tracing  inspections,  and  diver  NDT 
and  visual  inspection— periodic 

• Mooring  load  monitor— continuous 

• Replacement  schedule  for  hoses  and  hawser--periodic 

New  methods  for  further  development 

• Acoustic  array  for  hose  string--continuous 

• OTS  control  system  monitoring  (flow,  pressure,  etc.)  from 
ship  to  platform— continuous 

• Oil  spill  detectors  on  deck  of  ship--continuous 
e Optical  borehole  (internal  visual  inspection  of  the  hose 

string) --periodic 

• Acoustic  array  for  mooring  system— continuous 

I 

(2)  PIPELINE  - UNDERSEA  AND  UNDERGROUND  | 

i 

Methods  and  current  use  j 

• Sonar  (si descan  and  penetrating)  for  inspection  of  pipeline 

bare  surface  and  depth  of  burial  using  towfish  ' 

technique--periodic  j 

e Mapping  inspections  of  pipeline  location,  condition  and  ! 

scour--periodic 

t Hydrocarbon  probe  inspection  for  small  oil  leak  using  tow- 
fisn  technique--periodic 
e Hydrostatic  tests--periodic 

• Corrosion  flow  sampl ing--periodic 

• Inspection  pig— periodic 

- Magnetic  flux  type 

- Kali  per  type 

t Manufacturer's  recommended  inspection  and  maintenance  of 
cathodic  protection  system--periodic 
e OTS  control  system  with  mathematical  modeling-- continuous 

• Daily  visual  inspections 

f Periodic  visual  inspection  from  aircraft 
e Periodic  visual  inspection  by  divers 

New  Methods  for  further  development 

• Pipeline  inspection  pig  with  low-light  TV  (development  of  TV 

transmission  technique  only)  — periodic  i 


i 


• Pipeline  inspection  pig  with  ultrasonic  3-dimentional  imaging 

(development  applies  only  for  modification  for  use  on  54-inch  j 

pipeline) --periodic  i 

• Acoustic  array—continuous  j 

(3)  SALM  OR  CALM  SPM  j 

Methods  and  current  use  I 

• Visual  and  NOT  inspections  on  buoy— periodic  1 

• Diver  NDT  and  visual  inspections--periodic 

• Dye  tracing— periodic 

• Manufacturer's  recommended  inspection  methods  and 
procedures--periodic 

• OTS  component  replacement  schedule--periodic 

(4)  OFFSHORE  PLATFORM  AND  THE  PUMPING  AND  METERING  SYSTEM,  ONSHORE 

ABOVE-GROUND  PIPELINE  AND  APPURTENANCES,  ONSHORE  STORAGE  TERMINAL 

Methods  and  current  use 

e Daily  visual  inspection 

• Manufacturer's  recommended  inspection  schedules  and  maintenance- 
periodic 

• Control  room  monitoring,  alarm,  and  shut-off  of  all  valves, 
machinery  and  other  equipment  that,  if  not  operating  properly 
or  in  the  incorrect  operational  mode,  can  cause  an  oil  spill 
incident— continuous 

• Redundant  equipment  available  to  replace  critical  OTS 
components  that  potentially  can  fail 

• Oil  spill  detectors  on  pumping  platform--continuous 

fl  Yearly  NDT  and  visual  inspections 

Implementation  of  the  recommended  inspection  methods  and  procedures 
and  the  development  of  new  methods  will  insure  the  integrity  of  the  oil 
transfer  system  and  minimize  the  number  and  extent  of  pollution  incidents. 

It  is  estimated  that  these  methods  would  reduce  the  oil  spill  risk  (annual 
average  barrels  of  oil  spilled)  and  the  frequency  of  oil  spill 
incidents  by  a factor  of  about  10  relative  to  deepwater  ports  of  the 
early  1970's.  Furthermore,  implementation  of  some  of  the  recommended 
inspection  methods  may  reduce  operating  costs,  for  example,  by  reducing 
downtime,  extending  the  life  of  the  hose  strings  and  hawsers,  and 
reducing  oil  spill  cleanup  costs. 


1-7 


2.0  INSPECTION  METHODS 


This  section  compiles  Inspection  methods  for  detection  of 
Incipient  failure  In  the  oil  transfer  system.  Guidelines  are  pro- 
vided so  that  inspection  method  selection  is  based  on  utilizing  "the 
best  available  technology."  In  order  to  provide  an  overall  perspective 
of  inspection  methods  for  the  OTS,  incipient  failure  detection  is 
discussed  in  the  first  subsection,  and  the  types  and  uses  of  incipient 
inspection  methods  are  described  in  Subsections  2.2  and  2.3.  A survey 
carried  out  to  determine  all  potentially  applicable  inspection  methods 
is  described  in  the  fourth  subsection,  and  the  methods  selected  are 
discussed  in  Subsection  2.5.  Finally,  the  sixth  subsection  provides  the 
criteria  used  for  selection  of  potential  inspection  methods  that  appear 
suitable  for  components  of  the  OTS  subsystem  in  Section  3. 

2.1  INCIPIENT  FAILURE  DETECTION 

2.1.1  Definition 

Incipient  failure  detection  is  defined  in  this  study  as 
the  inspection  of  materials  or  components  of  the  oil  transfer  system 
in  such  a manner  that  repair,  replacement  or  shutdown  can  be  made 
before  a defect  can  cause  failure  and  result  in  an  oil  pollution 
incident.  Inspection  methods  which  can  detect  either  defects  before 
leaks  occur  or  defects  that  produce  insignificantly  small  leaks, 
such  as  oil  drips  from  seals  or  flanges,  are  considered  here  as 
providing  incipient  failure  detection.  Generally,  defects  can  be 
detected  using  inspection  methods  during  normal  operational  and 
environmental  conditions. 

A defect  may  be  present  but  may  be  found  only  by  applying 
a stress  that  is  higher  than  what  normally  exists  for  a component 
or  material.  The  higher  stress  (high  pressures,  temperatures,  bending, 
stretching,  etc.)  can  be  applied,  for  example,  in  proof -testing 
at  elevated  pressures.  Generally  with  higher  stress,  enhancement  of 
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the  defect  occurs,  and  incipient  failure  is  detected  by  monitoring 
(with  inspection  equipment)  one  or  more  of  the  following  events  that 
may  occur: 

t Periodic  stress  waves  (commonly  called  acoustic 
emissions)  generated  at  the  defect  location; 

• Continuous  or  sporadic  characteristic  acoustic 
leak  signatures  that  are  generated  at  the  defect 
location  when  an  oil  leak  occurs; 

t Oil  leakage  at  the  defect  location. 

When  the  stress  is  removed,  the  defect  typically  diminishes  almost 
to  its  original  state,  leakage  or  stress  wave  generation  ceases,  and 
the  defect  becomes  undetectable.  Thus  incipient  failure  detection  is 
understood  to  include  also  detection  of  material  or  component  defects 
that  are  enhanced,  during  inspection,  by  controlled  elevated  stress 
test  conditions  and  which  may  result  in  oil  leakage. 

2.1.2  Main  Application 

In  this  study  the  inspection  methods  and  procedures  de- 
veloped apply  primarily  during  normal  OTS  operations.  However,  they 
may  be  applicable  also  during  any  of  the  following: 

• Prior  to  initial  installation  of  the  OTSJ 

• Initial  OTS  installation  and  checkout; 

e Prior  to  installation  of  a new  component  or  material 
which  replaces  one  that  is  defective*, 

• Installation  and  checkout  of  the  replacement  com- 
ponent or  material . 

It  is  assumed  that  all  OTS  components  will  be  inspected  for 
defects,  tested  and  qualified  by  the  manufacturer  prior  to  delivery. 
Furthermore,  it  is  assumed  that  the  owner/operator  will  be  responsible 
for  providing  both  the  testing  and  inspections  that  will  satisfy  all 
existing  government  regulations  (for  example,  see  References  2,  3 and  4) 
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and  for  the  carrying  out  of  manufacturer  recommended  maintenance  and 
inspection  procedures.  This  will  apply  for  the  receipt  of  the  OTS 
component,  installation,  installation  checks,  and  during  repair,  re 
placement  and  onshore  inspections. 

2.1.3  Conditions  of  Applications 

The  main  operating  conditions  that  may  be  required  for  the 
application  of  the  incipient-failure-detection  inspection  methods  are 
as  follows: 

• Startup  of  normal  OTS  transfer  operations; 

• Continuous  normal  OTS  transfer  operations; 

• Shutdown  of  normal  OTS  transfer  operation; 

• OTS  on  standby; 

t OTS  shutdown; 

• OTS  shutdown  and  components  isolated  from  the  rest 
of  the  OTS; 

• OTS  component  or  material  removed  and  placed  on  land, 
on  platform  or  in  boat; 

• OTS  shutdown  but  filled  with  oil*, 

• OTS  shutdown  but  sections  of  OTS  filled  or  partially 
filled  with  gases  or  liquids  at  normal  or  stressed 
(pressurized,  stretched,  flexed,  heated,  etc.)  test 
conditions. 

It  is  expected  that  any  of  the  above  operating  conditions 
will  be  available  for  the  recommended  inspection  methods  and  procedures 
and  that  inspections  will  be  carried  out  while  observing  all  U.S. 
government  required  safety  regulations. 

2.2  INSPECTION  METHOD  MODES 

Two  modes  for  incipient  failure  inspection  methods  are  possible, 
periodic  and  continuous.  Periodic  inspections,  (e.g.,  see  Reference  5)  have  been 
widely  used  for  many  years  in  almost  every  industry  for  most  components 
and  systems.  Continuous  inspections  also  have  been  available  for  many 
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years  but  only  on  a limited  basis  and  only  for  a few  applications. 
However  within  the  last  five  years  continuous  inspections  have  be- 
come widely  used  in  many  industries  for  numerous  applications  (see 
References  6,  7 and  8),  such  as  incipient  failure  detection  in  ship 
machinery,  valves,  tanks,  pumps,  compressors,  bridges,  dams  and 
other  structures.  Inspection  methods  for  each  of  these  modes  are 
identified  in  Section  2.5.6.  The  inspection  modes  as  applied  to  DWP's 
are  discussed  in  more  detail  in  the  following  subsections. 

2.2.1  Periodic 

Presently  inspections  of  the  OTS  of  deepwater  ports  are 
almost  exclusively  periodic.  Most  inspection  intervals,  depending 
upon  the  particular  OTS  component,  range  from  each  ship  visit  to  five 
years.  However,  some  inspection  methods,  e.g.,  visual  inspection  of 
critical,  above-water  components  such  as  the  hose  string  and  mooring 
system,  are  carried  out  a number  of  times  during  each  ship  visit 
while  oil  is  being  transferred.  Periodic  inspection  intervals  vary 
considerably  depending  primarily  upon  the  OTS  design,  age,  operating 
and  environmental  conditions,  location,  costs,  and  pressures  applied 
by  local  regulatory  agencies  and  environmental  groups.  Optimized 
periodic  inspection  schedules  for  well-maintained  DWP's  include 
inspection  and  schedule  adjus*  ents  that  take  into  account  variations 
in  operating  and  environmental  conditions.  In  addition,  many  inspec- 
tions must  be  performed  on  a non-predictable  basis  following  events 
such  as  a major  storm  or  collision  by  a vessel  with  the  OTS  installa- 
tion. Such  eventualities  require  that  inspection  personnel  and  most 
equipment  be  available  on  a continuous  basis. 

In  general,  it  can  be  stated  that  the  extent  to  which 
operators  use  periodic  inspections  or  comply  with  current  periodic 
inspection  recommendations  (e.g.,  from  OTS  component  manufacturers, 
other  deepwater  ports,  published  inspection  guides,  inspection  equip- 
ment manufacturers,  regulatory  agencies,  etc.)  depends  largely  upon 
pressures  exerted  by  local  regulatory  agencies  and  environmental 
groups.  These  pressures  vary  widely  throughout  the  world. 
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Optimized  periodic  inspection  schedules  using  the  "best 
available  periodic  inspection  technology"  will  decrease  significantly 
OTS  oil  spill  incidents.  However,  critical  component  failures  re- 
sulting in  a large  number  of  oil  spills  will  occur  because  of  the 
following  major  limitations  of  periodic  inspections: 

• Inspection  times.  Inspections  typically  cannot  be 
carried  out  adequately  in  nighttime,  rough  weather 
and  fog.  Some  inspections  cannot  be  carried  out 
during  offloading. 

• Inspection  intervals.  High  cost  may  limit  the  fre- 
quency of  inspections. 

• Inadequate  inspection  of  critical  OTS  components. 

Periodic  inspections  and  procedures  do  not  adequately 
inspect  critical  OTS  components  such  as  hose  strings 
and  undersea  pipelines.  For  example,  many  internal 
defects  in  hoses  which  can  cause  failure  can  not  be 
found  by  periodic  inspections  while  the  hose  string 
is  installed. 

A large  number  of  OTS  oil  leakage  incidents  occur  during  nighttime, 
rough  weather  or  fog.  Also,  significant  oil  spill  incidents  are 
caused  primarily  by  defects  in  the  hose  string  or  pipeline  (Reference  1). 

2.2.2  Continuous 

Continuous  inspections  for  the  prevention  of  oil  spills 
generally  are  not  used  for  the  OTS  at  deepwater  port  facilities. 

However,  a few  continuous  methods  are  used  at  some  DWP's  either 
intermittently  or  for  other  purposes.  These  include: 

• Visual  inspection  of  the  hose  string,  mooring  system, 

SPM  and  ship  connections; 

• Mooring  load  monitoring  systems; 

Monitoring  of  flow,  discharge  pressure,  etc.,  for 

• Detection  of  gross  leaks. 
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Continuous  visual  inspections  of  the  hose  string  and  mooring  line 
during  offloading  are  carried  out  at  some  DWP  facilities  and  are  some- 
times done  by  patrolling  the  area  by  launch.  This  procedure  is 
not  very  effective  at  night,  in  fog  or  during  rough  weather  conditions 
that  are  not  severe  enough  to  prohibit  transfer  operations.  This 
method  detects  some  incipient  failures  because  visual  damage  (hoses, 
hawsers,  chains,  etc.)  often  precedes  a failure.  In  addition,  small 
oil  leaks  (e.g.,  at  flanges,  seals,  etc.)  often  can  be  seen  before 
they  become  a catastrophic  failure  (i.e.,  a rupture).  Experimental 
systems  that  continuously  monitor  mooring  loads  at  the  hawser 
(Reference  9)  are  in  use  at  a few  facilities;  mooring  load  monitor 
systems  are  also  commercially  available  (Appendix  A).  During  oil 
transfer,  monitoring  of  flow,  discharge  pressure,  etc.,  by  a control 
system,*  is  a type  of  continuous  inspection.  Such  systems  can  detect 
medium  and  large  leaks  of  oil  and  shut  the  OTS  down  before  a major  oil 
spill  occurs.  Monitoring**  by  remote  sensing  methods,  such  as 
surveillance  by  satellite  or  aircraft  is  not  cost  effective  and  do  not 
provide  the  type  of  incipient  failure  detection  as  defined  in  Section 
2.1.1;  they  detect  only  major  spills  after  they  occur  and,  hence,  are 
not  considered  further  in  this  study. 

A number  of  other  continuous  inspection  methods  (Section  2.5) 
potentially  applicable  for  the  OTS  are  state-of-the-art  or  are  in  a 
developmental  or  feasibility  stage.  Many  of  these  have  been  applied 
successfully  elsewhere.  A particularly  useful  method  is  the  use  of 
a passive  acoustic  array  which,  because  of  the  acoustic  phenomena 
associated  with  defects  and  leaks,  detects  both  incipient  failures  and 
actual  leakage  of  OTS  components  such  as  pipelines  and  hoses. 

Continuous  inspections  (non-visual)  provide  a number  of 
advantages  over  periodic  inspections,  particularly  for  critical  com- 
ponents of  the  OTS.  Some  of  these  are: 


* A study  of  DWP  control  systems  is  currently  being  carried  out  under 

contract  D0T-CG-64503-A.  Control  systems  details  are  not  included  in  the 
scope  of  this  report  but  are  discussed  briefly  because  of  completeness. 

**  Detection  of  major  oil  spills  in  an  on-going  program  by  the  United  States 
Coast  Guard  and  the  Environmental  Protection  Agency.  Recommendations 
for  detection  of  major  oil  spills  is  not  included  in  the  scope  of  this 
report  but  are  discussed  briefly  because  of  completeness. 
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• Continuous  day  and  nighttime  inspections  in  any  kind 
of  weather; 

• Capability  of  detecting  critical  incipient  failures 
almost  100  percent  of  the  time; 

• Less  subject  to  human  error  because  inspection  systems 
can  be  automated; 

• Capability  of  detecting  small  amounts  of  oil  leakage 
almost  100  percent  of  the  time; 

• Methods  can  be  implemented  with  existing  control 
systems  in  new  or  modern  DWP's; 

e Capability  of  detecting  incipient  failures  and  oil 
leakage  in  OTS  components  that  can  not  be  adequately 
inspected  by  pev iodic  inspection  methods  (underwater 
pipelines,  underwater  hoses,  etc.). 

The  main  disadvantages  or  problem  areas  are: 

• Untested  in  DWP  environments; 

• Developmental  costs  for  implementation  for  DWP  use. 

2.3  INSPECTION  METHOD  USES 

The  reduction  of  the  risks  of  oil  spillage  and  pollution 
may  be  accomplished  using  two  general  approaches: 

• Periodic  or  continuous  inspection  to  reduce  the  fre- 
quency of  accidental  spills; 

§ Continuous  or  frequent  inspection  to  detect  the 
occurrence  of  a leak. 

The  risk  of  oil  spills  from  the  various  subsystems  of  the 
OTS  generally  may  be  ascribed  to  a relatively  high  frequency  (e.g., 
the  floating  hose  strings)  or  a potentially  large-volume  oil  spill 
(e.g.,  underwater  pipelines). 

Inspections  to  reduce  the  frequency  of  leaks  and  spills 
include  periodic  examination  of  individual  components  to  check  their 
performance  and  condition  for  service.  The  intention  is  to  detect 
conditions  which  will  eventually  lead  to  a leak  before  the  leak 
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actually  occurs.  The  examinations  may  consist  of  both  visual  observa- 
tion and  the  performance  of  one  or  more  instrumented  tests.  The 
results  of  the  examinations,  when  compared  with  previously  established 
criteria,  determine  suitability  for  continued  service,  repair  or 
replacement.  The  criteria  generally  are  derived  from  the  manufacturer's 
recommendations  and  the  user's  experience.  Examples  of  such  inspec- 
tions are:  the  visual  examination  of  the  completed,  flanged  connec- 
tion between  the  hose  and  ship  manifold;  pressurizing  the  hose  and 
checking  for  leaks;  routine  maintenance  of  valves,  pumps  and  strainers 
on  the  pumping  platform;  pigging  the  pipelines  to  check  the  condition 
of  welded  joints  and  the  extent  of  corrosion.  In  addition,  continuous 
inspection  methods  potentially  can  be  used  to  reduce  the  frequency 
of  accidental  spills.  Examples  are:  acoustic  array  to  detect  hose 
or  pipeline  failure  by  monitoring  acoustic  emissions  generated  at 
the  failure  location;  continuous  acoustic  monitoring  of  machinery 
vibration  for  bearing  or  other  damage  such  as  broken  internal  parts. 

Continuous  monitoring,  to  detect  the  occurrence  of  leaks 
and  initiate  shutdown  to  limit  the  amount  of  oil  spilled,  includes 
visual  and  instrumented  observations.  An  example  is  the  comparison 
of  the  flows  at  both  ends  of  a pipeline.  Such  inspections  are  an 
important  approach  to  reduce  the  risk  of  spills  from  "third  party" 
damage  (e.g.,  the  damage  to  a pipeline  by  a draging  anchor).  Also  such 
inspections  can  serve  as  a backup  for  the  inspections  to  reduce 
spill  frequency  as  described  above. 

Some  degree  of  continuous  inspection  complementing  periodic 
inspection  methods  appear  to  be  necessary  to  provide  "the  best 
available  technology"  in  order  to  significantly  reduce  oil  spill 
incidents.  The  technology  is  available  or  can  be  developed,  and  the 
life-cycle  costs  should  not  be  prohibitive. 

2.4  SURVEY 

A survey  of  literature,  operators,  manufacturers  and  in- 
spection companies  was  carried  out.  The  main  objective  was  to  deter- 
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mine  currently  available  technologies  and  component  instrumentation 
that  could  provide  the  "best  available  technology"  for  inspection 
methods  and  procedures  for  the  OTS.  The  survey  included  information  on 
inspection  methods  that  were  currently  available  or  required  minimal 
modifications,  in  the  developmental  stage,  laboratory  tested  and 
feasibility  verified  but  untested  at  DWP's,  and  potentially  feasible 
but  untried.  In  addition,  the  survey  included  both  the  gathering  of 
cost  information  on  inspection  methods  and  procedures  and  the  obtaining 
of  recommended  inspection  schedules  by  OTS  operators,  other  offshore 
operators  and  OTS  component  manufacturers. 

Information  on  applicable  inspection  methods  and  procedures 
was  obtained  from  both  national  and  international  sources.  The 
following  six  main  areas  were  surveyed. 

(1 ) Literature : 

• Papers,  reports,  technical  journals,  periodicals 
conferences,  government  reports,  etc. ; 

• Information  retrieval  services  - National  Technical 
Information  Service,  Engineering  Index,  etc.; 

• Patent  search . 

(2)  User/Operators  of  Inspection  Equipment  for: 

• Storage  facilities ; 

• Pipelines  (above  and  undersea); 

• Offshore  installations  and  transmission; 

• Shipbuilding  industry; 

• DWP. 

(3)  Manufacturers  of  Inspection  Equipment  for  Use  on  : 

• Land  facilities; 

• Pipelines  (above  and  undersea)  ; 

• Offshore  installations; 

• DWP's; 

• Underwater  structures . 
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(4)  Inspection  Companies  That  Inspect; 

• Land  facilities; 

• Pipelines  (above  and  undersea); 

• Offshore  facilities; 

t Underwater  components. 

(5)  Manufacturers  of  Main  DWP  Components : 

• SPM's; 

• Hawsers ; 
t Hoses ; 

• Pipelines. 

6)  Government  Agencies 

For  the  survey  of  inspection  equipment  manufacturers, 
over  three  hundred  firms  were  contacted.  These  are  listed  in  Appendix  A. 

2.5  COMPENDIUM  OF  APPLICABLE  INSPECTION  METHODS  AND  PROCEDURES 

In  this  section,  applicable  inspection  methods  will  be 
identified  for  deepwater  ports.  Those  methods  which  were  initially 
used  up  to  about  1970  will  be  identified  in  the  first  subsection. 

Next,  inspection  methods  currently  in  use  will  be  discussed.  Methods 
which  appear  feasible  or  are  in  the  developmental  stage  will  also 
be  identified.  Finally  all  applicable  inspection  methods  will  be 
summarized  and  categorized  by  their  specific  mode  of  operations. 

A brief  comparison  of  the  methods  is  given  in  Section  3.1.  A more 
detailed  description  of  each  method  and  procedure  including  operation, 
capability,  sensitivity,  manufacturer  and  cost  information,  and  ad- 
vantages and  disadvantages  is  given  in  Appendix  B. 

2.5.1  Existing  Methods-1970  Baseline 

Inspection  methods  in  use  for  DWP's  up  to  about  1970 
provided  very  little  incipient  failure  detection.  Methods  generally 
used  included  the  following: 
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• Periodic  visual; 

• Hydrostatic  (pressure  drop); 

• Discharge  pressure  monitoring; 

• Flow  monitoring; 

• Manufacturer's  recommended  inspections; 

• Bolt  tightness; 

• Active  ultrasonics  (limited  underwater  use); 

t X-ray  (above  water) ; 

• Eddy  current  (above  water) ; 

• Penetrants  (above  water) ; 

• Size  measurements  (above  water); 

• Cathodic  protection  inspection. 

In  the  1960's,  most  deepwater  ports  were  installed  in  geo- 
graphic areas  near  a very  low  population  density.  Most  of  these  deep- 
water ports  were  owned  and  operated  by  affiliates  of  oil  companies. 

The  parent  oil  companies  provided  operating,  inspection  and  mainte- 
nance guidelines  to  the  operating  affiliates.  These  guidelines  were 
based  on  engineering  fundamentals,  the  manufacturer's  recommendations 
and  the  parent  company's  previous  experience  with  deepwater  ports. 

Unfortunately,  the  engineering  fundamentals,  as  applied  to  DWPs 
needed  ref'*nement.  The  manufacturers  did  not  receive  sufficient 
feedback  from  Jhe  operators  so  it  was  difficult  to  refine  their  equip- 
ment without  full  scale  operational  experience.  There  was  little 
incentive  for  a particular  operator  to  follow  the  furnished  guide- 
lines because  of  the  low  monetary  value  of  petroleum  lost,  the  absence 
of  stringent  requirements  of  local  regulatory  agencies  or  governments, 
and  the  absence  of  environmental  concern  from  the  local  community. 

Without  the  proper  incentive,  many  terminals,  which  would 
have  been  considered  marginal  by  U.S.  standards  of  operation,  resorted 
to  a "seat-of-the-pants"  type  operation.  The  primary  inspection- 
maintenance  strategy  used  by  this  type  of  terminal  was  to  watch  for  an 
oil  slick  on  the  sea's  surface,  then  to  perform  a visual  inspection  by 
diver  or  by  launch  to  locate  the  failed  component,  and  finally  to  replace 
the  component  during  fair  weather  and  after  having  received  the  replacement 
part. 
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At  many  terminals,  when  a problem  occurred,  operators  re- 
paired the  equipment  as  necessary  to  permit  the  operation  to  continue. 
The  permanent  repair  was  made  after  the  spare  equipment  was  received 
and  the  weather  conditions  were  fine  and  stable. 

In  addition  to  watching  for  oil  slicks  at  the  sea's  surface, 
the  well -maintained  facilities  provided  some  incipient  failure  inspec- 
tion. The  main  methods  were  to  inspect  periodically  and  visually 
critical  OTS  components  such  as  hose  strings,  mooring  system  and 
subsea  components.  This  was  done  by  looking  for  gross  external  damage, 

oil  leakage  and  checking  bolt  tightness  primarily  on  hose  flanges. 
Hydrostatic  pressure  tests  were  usually  conducted  after  storms  or 
bad  weather.  Continuous  visual  monitoring  of  discharge  pressure, 
volume  and  flow  was  carried  out  during  offloading.  This  moni- 
toring could  only  detect  catastrophic  oil  leakage.  Conventional, 
non-destructive  testing  was  carried  out  on  critical  above  water  com- 
ponents periodically  at  very  infrequent  intervals. 

The  most  effective  oil  prevention  procedure  used  at 
most  DWP's  was  to  carry  out  hose  replacement  according  to  a schedule 
that,  hopefully,  would  preclude  a major  oil  incident.  Replacement 
schedules,  however,  varied  greatly  from  one  DWP  to  another. 

2.5.2  $tate-of-the-Art  Methods  at  DWP's  - 1977 

In  recent  years,  existing  inspection  methods  and  procedures 
have  been  substantially  improved,  and  a number  of  new  methods  are  in 
use  at  a few  DWP  facilities.  These  more  recent  inspection  methods 
currently  in  use  are  as  follows: 

t Visual  ; 

e Dye  tracing  ; 

• Inspection  pigs 

- Magnetic  flux 

- Caliper; 

e Hydrostatic  ; 

• Corrosion  meter  (underwater)  ; 
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• Cathodic  inspection; 

• Passive  ultrasonics  (limited  use); 

• Active  ultrasonics  (underwater); 

• X-ray; 

• Gamma  ray.  Radioactive  isotopes  (underwater); 

• Magnetic  particle; 

• Eddy  current; 

• Size  measurements; 
t Sonar; 

• Surveying  (mapping); 

e Scour  monitoring; 

• Visual  monitoring  of  discharge  pressure; 

• Visual  monitoring  of  volume; 

• Visual  monitoring  of  flow; 

• Strain  gage  load  sensor  mooring  load  monitor; 

• Double  walled  hose; 

e Tank  level  detection  ; 

• External  loading  ; 

• Passive  acoustic  monitoring  of  vibration; 

• Control  system  alarms,  shutoff. 

The  incentive  for  industry  to  develop  improved  inspection 
methods  and  procedures  at  DWP  facilities  have  resulted  from  the  following: 

(1)  The  tremendous  rise  of  the  price  of  crude  oil; 

(2)  Concern  by  the  local  communities  to  preserve  the  environment; 

(3)  Local  governmental  requirements; 

(4)  Regulatory  body  requirements. 


In  general,  however,  only  installations  which  are  located  in  high 
amenity  areas  (i.e.,  located  near  populated  areas,  beaches,  etc.) 
have  developed  and  implemented  new  and  improved  inspection  methods 
and  procedures  that  are  thorough  and  used  frequently. 
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All  well  maintained  DWP's  have  regularly  scheduled  in- 
spection schedules.  Between  the  time  of  delivery  of  the  SPM  and  its 
first  major  overhaul,  inspections  are  performed  on  all  the  compo- 
nents of  the  oil  transfer  system  and  all  the  components  relative  to 
the  integrity  and  safety  of  the  OTS.  These  inspections  are  primarily 
visual  inspections  by  a diver  or  by  a launch.  Their  purpose  is  to 
detect  damage  or  signs  of  damage  after  it  has  already  occurred. 

The  operators  schedule  the  inspections  frequently  enough  (in  many 
cases)  to  locate  signs  of  a failure  before  the  component  fails  com- 
pletely with  catastrophic  results.  In  addition,  the  other  inspection 
methods  identified  previously  in  this  section  are  used  to  a very 
limited  extent  to  supplement  these  visual  inspections. 

Few  or  no  inspections  for  incipient  failures  of  pipelines 
are  carried  out,  other  than  hydrostatic  testing  or  in  a few  cases, 
pipeline  inspection  pigging  which  are  performed  infrequently  at  best. 
There  appears  to  be  the  mistaken  confidence  that  the  underground  and 
undersea  pipeline  leaks  rarely  or  never  occur  and  hence  need  few  or  no 
inspection  for  incipient  failures. 

To  compensate  for  the  visual  inspection's  lack  of  sophisti- 
cation to  detect  a failure  before  it  occurs  and  limited  use  of  other 
available  inspection  methods,  operators  frequently  have  scheduled 
the  replacement  of  equipment  and  the  performance  of  destructive  tests 
on  components  such  as  hoses.  The  destructive  tests  are  used  to  de- 
termine how  much  longer  the  component  could  have  lasted  and  to  adjust 
the  replacement  schedule  accordingly. 

2.5.3  State-of-the-Art  Methods  - 1977  at  Offshore  Facilities  with 

OTS  Components  Similar  to  Those  of  DWPs 

A number  of  inspection  methods,  not  previously  identified, 
have  been  applied  to  offshore  facilities  and  to  underground  or  under- 
water pipelines  components  that  are  similar  to  those  OTS  components 
used  for  deepwater  ports.  These  include  the  following: 
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• Optical  borehole  (machinery); 
e Oil  spill  detectors  on  boat; 

• Inspection  Pig, 

- TV  monitor  (short  pipelines), 

- Stereo  TV  (short  pipelines), 

- Passive  ultrasonics  , 

- Eddy  current , 

- Location  type  (pinger,  radio  frequency,  nuclear), 

- Manned  NOT  (short,  large  diameter  pipelines)  ; 

• Reflected  pressure  wave; 

• Flow  sampling  (coupons,  particles,  etc.); 
e X-ray  (underwater); 

• Magnetic  particle  (underwater); 

• Magnetic  foil  (underwater); 

• Magnetic  tape  (underwater); 

• Ultrasonic  imaging  (underwater); 

• Eddy  current  (underwater); 

• Sonar  (pipeline  bare  surface  or  overburden); 

• Control  system  flow  monitoring; 

• Control  system  pressure,  volume  monitoring; 

• Passive  acoustic  array  (acoustic  emission)  - platform 
structure,  tanks,  etc.; 


e Passive  acoustics  - leaks; 

• Passive  acoustics  - machinery  vibration,  bearing  noise; 

• Seal  leak  detector; 

• Hydrocarbon  monitoring. 

It  is  expected  that  most  of  these  methods  can  be  used  immediately  at 
DWP's.  A few  of  these  methods  should  be  developed  further  for  more 
reliable  or  a wider  range  of  usage. 

Only  a very  few  deepwater  ports  currently  in  use  require 
offshore  pumping  platforms  similar  to  those  needed  for  U.S.  deepwater 
ports.  This  is  because  most  other  DWP's  are  located  a relatively  short 
distance  (i.e.,  a few  miles)  from  the  SPM  to  the  onshore  storage 
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terminal  and  a pumping  platform  is  not  necessary.  Hence  only  limited  ij 

inspection  method  information  was  obtained  from  DWP's.  Instead,  ; | 

inspection  methods  and  procedures  information  were  obtained  from  the  I i 

numerous  offshore  pumping  platforms  that  are  used  for  drilling  at 
U.S.  and  foreign  locations.  Many  of  these  platforms  use  designs 
and  components  that  are  similar  to  what  is  expected  to  be  used  for 
U.S.  deepwater  port  OTS  platforms.  Offshore  platforms  currently  have 
a very  low  oil  spill  incident  probability.  This  is  because  of 
secondary  containment  systems  such  as  deck  curbing  for  oil  spills, 
building  a redundancy  in  the  equipment  involved,  using  state-of-the- 
art  inspection  methods  for  OTS  components  and  platform  structure, 
and  rigorously  following  manufacturer  inspection  methods  and  mainte- 
nance procedures.  When  a failure  occurs  in  the  equipment,  the  opera- 
tion only  requires  switching  to  a similar  system  in  parallel  with  the 
failed  system  and  making  the  repair  at  the  earliest  convenient  op- 
portunity. There  is,  however,  still  need  for  improvement  for  OTS 
platforms,  primarily  in  platform  structure  inspection  and,  to  a larger 
degree,  in  inspection  and  detection  of  defects  in  the  deck  area  that 
may  lead  to  leaks.  Complete  and  thorough  inspection  of  the  platform 
support  structure  is  very  costly  and  time  consuming.  Inspection  methods 
that  can  be  carried  out  quickly  and  that  can  cover  large  areas  are 
more  cost-effective  and  highly  desirable. 

A large  number  of  offshore  facilities  carry  out  comprehen- 
sive corrosion  inspection  programs  and  sonar  inspections  of  underground 
and  undersea  pipelines.  However,  these  inspection  programs  are  some- 
what limited  both  by  frequency  of  inspections  (caused  primarily  by  cost 
considerations)  and  by  the  technology  of  inspection  methods  currently 
available.  An  example  is  the  use  of  pipeline  pig  with  magnetic  flux 
inspections.  These  inspections  are  costly  and  results  are  sometimes 
difficult  to  interpret.  However,  a pipeline  pig  with  magnetic  flux  that  is 
used  with  a TV  camera  (if  a long  line  system  was  available)  would  pro- 
vide excellent  data  and  require  minimal  interpretation. 
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A number  of  inspection  methods  are  in  the  developmental 
state  or  require  some  modifications  for  reliable  use  at  DWP's.  These 
include  the  following: 

• Optical  borehole  (underwater); 

• TV  scanning  (low  light)  with  onshore  monitoring; 
e Oil  spill  detectors  on  buoy,  platform,  ship; 

• Inspection  pig, 

- TV  monitor  in  vacuum, 

- TV  monitor  (long  lines), 

- Stereo  camera  (long  lines), 

- Infrared  scanning , 

- Active  ultrasonic, 

- Eddy  current, 

- Ultrasonic  imaging; 

• External  hydrostatic; 

• X-ray  (underwater)  ; 

• Magnetic  particle  (underwater)  ; 
e Magnetic  rubber  (underwater)  ; 

• Magnetic  foil  (underwater) ; 

• Magnetic  tape  (underwater)  ; 

• Ultrasonic  imaging  (underwater)  ; 

• Eddy  current  (underwater)  ; 

• Control  system  monitoring  using  mathematical  modeling; 

• Passive  acoustic  array  (acoustic  emission  or  leak 
detection)  for, 

- Platform  structure , 

- Tanks, 

- Double  walled  pipe . 

It  is  expected  that  most  of  these  methods  either  could 
be  used  immediately  or  become  operational  in  a few  years  and  in 
sufficient  time  before  DWP's  become  operational  in  U.S.  waters. 
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S Feasibility  Verified  but  Requires  DWP  Testing 


The  feasibility  of  a few  new  methods  to  inspect  for  incipient 
failures  has  been  verified  by  laboratory  testing.  Testing  at  DWPs  is 
required  to  establish  capability  of  these  methods  under  actual  opera- 
tional and  environmental  conditions.  The  following  methods  appear  to 
be  the  best  in  their  respective  categories. 


(1)  Passive  acoustic  array  (leaks):  May  be  capable  of 
detecting  very  small  leakage  primarily  from  hoses, 
pipelines  and  SPM  piping,  valves  and  Pipeline  End 
Manifold  (PLEM)  components. 

(2)  Passive  acoustic  array  (acoustic  emission):  Expected 
to  be  capable  of  detecting  defects  in  hoses,  pipelines 
and  SPM  piping,  valves,  PLEM  components  and  the  plat- 
form structure. 

(3)  Shroud  with  EMP  pulsed  coaxial  cable  (very  small 
leakage) ; Expected  to  be  especially  useful  for  hose 
strings,  SPM's  and  undersea  pipelines. 

(4)  Ultrasonic  imaging  inspection  pig  (propelled  by  water  flow) 


Other  methods  include: 

e Seal  leak  detector; 
t Continuous  thermistor; 

• Buoy  oil  spill  detectors; 

• Flourescent  light  (to  aid  visual  inspection  on  deck  of 
ship  or  launch  for  night  viewing). 

2.5.6  Feasibility  Stage 

Inspection  methods  which  appear  feasible  for  DWP  use,  but  which 
would  require  research  and  development  and  also  substantial  testing 
before  actual  implementation,  include  the  following: 

t Tape  detection; 

• Laser  detection  (underwater) ; 

• Inspection  pig  (radioactive  for  leak  detection) ; 

• Penetrants  (underwater) . 
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2.5.7  Sutimary  of  Applicable  Methods 

All  applicable  inspection  methods  are  listed  in  Table  2.1. 

The  methods  are  classified  by  their  use  in  periodic  or  continuous 
modes.  Some  methods  can  be  used  in  either  mode. 

2.6  SELECTION  CRITERIA 

Potential  inspection  techniques  for  specific  components  of 
the  OTS  subsystems  (see  Section  3.0)  were  selected  using  the  following 
criteria: 

• Must  be  capable  of  incipient  failure  detection; 

• Must  identify  the  component  that  requires  repair  or 
replacement  to  prevent  failure; 

• Must  give  positive  results  which  are  easily  understood; 

• Must  be  reasonably  implemented; 

• Must  be  adaptable  to  other  DWP  facilities. 

These  criteria  are  described  more  fully  in  the  following 
subsections. 

2.6.1  Incipient  Failure  Detection 

Inspections  to  reduce  the  frequency  of  an  accidental  spill 
must  identify  failures  or  incipient  failures  before  a spill  can  occur. 
Examples  are  the  identification  of  a kinked  hose  or  dangerously  corroded 
pipe.  By  current  practice,  even  at  the  most  conscientiously  operated 
DWP  facilities,  a defective  component  is  usually  identified  after  it 
has  failed  and  resulted  in  a spill.  The  results  are  costly  in  terms  of 
delay  while  waiting  for  a spare  as  well  as  by  the  quantity  of  oil  lost 
and,  often,  the  environmental  damage  which  ensues.  If  the  potential 
failure  of  a component  can  be  anticipated  early  enough  by  appropriate 
inspection  methods,  a repair  can  be  made  or  a replacement  installed 
at  the  optimum  time  in  terms  of  weather  and  interruption  of  transfer 
operations. 
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2.6.2  Identification  of  Defective  Component 

It  is  not  enough  for  an  inspection  method  to  provide  the  in- 
formation that  leakage  exists  or  even  that  it  is  imminent.  The  compo- 
nent which  has  failed,  or  is  about  to  fail,  must  be  readily  identified 
in  order  to  permit  repair  or  replacement  in  the  least  possible  time. 
This  is  necessary  for  both  types  of  inspections,  those  to  reduce  fre- 
quency of  spill  and  those  to  detect  leaks. 

2.6.3  Positive  and  Easily  Understood  Results 

An  important  criterion  for  selecti;ig  an  inspection  method 
should  be  that  it  requires  the  least  possible  amount  of  interpretation 
and  judgment  by  the  operator.  The  method  should  provide  results  which 
not  only  identify  the  defective  component,  but  which  can  be  evaluated 
quickly  and  easily  by  non-special ized  personnel.  A permanent,  quanti- 
tative record  which  can  be  used  in  real  time  as  well  as  serve  as  a 
basis  for  comparison  during  subsequent  inspections  also  is  desirable  in 
many  circumstances.  Examples  of  the  latter  includes  pressure  and  flow 
records,  records  of  the  extent  of  corrosion,  the  length  of  mooring 
hawser,  etc. 

2.6.4  Reasonably  Implemented 

Even  the  most  efficient  inspection  method  would  prove  to 
be  self-defeating  if  its  use  required  unreasonable  downtime  of  the 
facility.  Nor  can  excessive  capital  expense  for  equipment  be  justi- 
fied if  alternative  and  less  expensive  methods  will  prove  adequate. 

The  need  to  provide  easily  understood  results  implies  a corollary  need 
to  select  inspection  techniques  which  can  be  conducted  by  relatively 
unskilled  personnel. 

2.6.5  Adaptable  to  Other  DWP  Facilities 

Since  environmental  and  operating  conditions  will  differ 
to  some  extent  between  the  several  coasts  of  the  United  States  and 
even  between  different  sections  of  the  same  coast,  every  effort  should 
be  made  to  adopt  inspection  methods  which  are  sufficiently  flexible 
to  be  used  under  any  anticipated  conditions.  It  is  conceivable  that 


\ 

j 
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a particular  facility  might  operate  under  extreme  conditions  which 
would  require  the  application  of  more  stringent  or  sophisticated  in- 
spection methods,  but,  in  general,  the  utilization  of  "tailor-made" 
procedures  should  be  avoided. 
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niSPECTIOM  NEIBCOS  TOU  DEKPHkTER  PORTS 


PTiodic  In»p«ctlon8 


Visual 

Above  water 
Underwater 
Optical  borehole 
TV  nonitor 
Tape  detection 

Oil  Spill  Detectors 
Buoy  type 

Mounted  on  launch,  ship,  buoy, 
platform,  land 

Dynamic  OTS 

Dye  tracing 
Inspection  pigs 
Hydrostatic  (pressure  drop) 

Reflected  pressure  wave 
Vacuum  (with  Inspection  pig) 

External  hydrostatic 
Acoustic  resonance 
Corrosion 

Flow  sanpling  (coupons,  particles,  etc.) 
Corrosion  meter  (electric  petemtlal,  etc.) 
Holiday  detector 

Cathodic  protection  (mfg.  schedule) 


Manufacturer 

Inspections 
Operational  chec)cs 

Miscellaneous 

Control  room  monitoring,  alarms 
shut-off 

Hydrocarbon  probe 
Laser  (holography 
Magnetic  chip 
Oil  odor 


continuous 


Mon-Destructive  Testing 

Passive  ultrasonics 
Active  ultrasonics 
X-ray 

(;amna  ray,  radioactive  isotopes 

Magnetic  particle 

Magnetic  rvi)3ber 

Magnetic  foil 

Magnetic  tape 

Ultrasonic  imaging 

Eddy  current 

Penetrants 

Bolt  tightness 

Size  measuresients 

Survey 

Sonar  (pipeline  bare  surface  or  overburden 
Surveying  (cosponent  location,  mapping) 
Scour 

Oil  Transfer  Control  System 

Pressure,  volusie 
Flow 

Mathematical  modeling 
Special  Methods 

Passive  acoustic  array  - laaics 
Passive  acoustic  array  - acoustic 
emission 

Passive  acoustic  array  - machinery 
vibration 

Strain-gaged  load  sensor,  mooring 
load  monitor 
Thermistor 

Laser  detection  underwater  or  above  water 
Shroud  with  EMP  pulsed  coaxial  cable 
External  loading 
Seal  leeUc  detector 
Liquid  level  sensor 
Double  walled  pipe  or  hose 
Inspection 


Visual 

Above  water 
TV  monitor 

Oil  spill  detectors 
Buoy  type 

Mounted  on  launch,  buoy,  platform 
land 

Miscellaneous 

Control  room  monitoring,  alarms, 
shut-off 
Magnetic  chip 


Oil  Transfer  Control  System 

Pressure,  volume 
Flow 

Mathematical  siodellng 
Special  Methods 

Passive  acoustic  array  - lealcs 
Passive  acoustic  array  - acoustic 
emission 

Passive  acoustic  array  - machinery 
vibration 

Strain-gaged  load  sensor,  mooring 
load  monitor 
Continuous  thermistor 

Laser  detection-underwater  or  aJaove  water 
Shroud  with  OIP  pulsed  coaxial  cable 
Double  welled  pipe  or  hose 
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3.0  INSPECTION  METHODS  FOR  OTS  SUBSYSTEMS 


Potential  inspection  methods  for  individual  components  of  the 
OTS  for  a wide  variety  of  DWP's  are  identified  in  this  section. 

Inspection  methods  include  those  that  are  in  the  development  or 
feasibility  stage.  Some  of  these  methods  currently  are  of  little 
use  but  improvements  may  result  in  effective  use  because  of  increased 
sensitivity,  reliability,  use  of  data  interpretation,  etc.  The 
selection  and  effectiveness  of  the  methods  identified  also  can  vary 
widely  depending,  for  example,  on  DWP  size  and  location,  number  of  SPM's, 

SPM  and  offshore  platform  depth,  number  of  offloadings,  etc.  A 
description  and  a comparison  of  these  methods  are  given  in  the  first 
subsection.  Then  a hypothetical  OTS  is  divided  into  seven  major  sub- 
systems and  described  in  separate  subsections.  Since  either  a Single  Anchor 
Leg  Mooring  (SALM)  or  a Cantenary  Anchor  Leg  Mooring  (CALM)  configuration 
may  be  used  for  the  single  point  mooring  subsystems  of  the  OTS,  they  are 
treated  separately  in  the  fourth  and  fifth  subsections.  Each  subsystem 
contains  a brief  discussion  and  a summary  table  which  includes  the  main 
OTS  components  and  potential  inspection  methods.  Of  these  methods,  those 
which  appear  to  have  the  best  potential  for  the  hypothetical  deepwater 
port  studied  in  Reference  1,  which  is  a composite  of  LOOP  and  SEADOCK, 
are  selected  in  Section  4 and  evaluated  further  prior  to  final 
recommendation  in  Section  5.1. 

3.1  DESCRIPTION  AND  COMPARISON  OF  POTENTIAL  INSPECTION  METHODS 

All  potential  inspection  methods  are  briefly  described  and 
compared  in  Table  3-1  where  fifty-six  inspection  methods  are  separated 
into  nine  basic  categories.  Because  most  of  the  inspection  methods  can  be 
used  potentially  for  a large  number  of  OTS  components,  inputs  to  the 
table  are  general  in  nature.  References  used  on  those  providing  addi- 
tional useful  information  for  the  inspection  methods  are  noted  in  the 
table.  Manufacturer  and  other  pertinent  survey  information  is  given  in 
Appendix  A.  More  detailed  information  on  inspection  methods  and  procedures 
is  given  in  Appendix  B.  Inspection  method  details  given  in  Appendix  A 
such  as  what  specific  visual  inspections  can  be  carried  out  (these  in- 
spections are  quite  extensive  for  some  OTS  components)  will  be  included 
in  Appendix  B.  Complete  details  of  the  recommended  inspections  are 
given  in  Section  5.1. 
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TABLE  3-1  COMPARISOB  Of  INSPECTION  NtTMOOS*  EON  OEEPNATEN  PONT  OTS 


.0  VISUAL 

1.1  Fran  Ltunch 

T1k»e  string,  mooring 
systm.  SPM,  etc.) 


1.2(a)  On  Oeclc  of  Ship 

(Hose  string,  mooring 
system,  SPM,  etc.) 


at  Night  Kith  VIsuaI 
Inspection  but  Using 
Ultraviolet  Light 
Source 

1.3  Diver  or  Scuba  Diver 
(Hose  string,  SPM, 
Platform,  Pipeline, 
PLEM,  etc.) 


1 .4  Submers Ibl e-Manned  or ' 
Nrnote  controlled  (Plpe- 
Kne.  pumping  platform 
support  structure) 


1.5(a)  On  SPM  Buoy 


IPIatform,  pipeline) 


1.6  Optical  Borebuie 


(Flexible  viewing  probe 
•1th  light  that  Is  In- 
serted Into  compon.*nt 
through  flanges  frr 
hose  string,  pipeline, 
SPM.  PLEM,  etc.'. 


DEFECT  MEASURED 


1.  oil  leaks 

2.  External  defects 

3.  Orientation,  a1l9faent. 
■oveaient  problems 
that  can  cause  failure 

4.  Nooring  system  failures 
at  buoy  and  mooring  line 

. Catastrophic 
failures  - early 
detection 

>.  Minor  above  water 
spills 

1.  Medium  underwater 
spills 

1.  Detection  of  oil  leak 
by  odor 

1.  ^vldes  wide  ranft 
of  visual  Inspections 

2.  Simple 

3.  Good  Incipient  failure 
detection 

1.  oil  leaks 

2.  Some  external  defects 
on  tall  hose  only 

3.  Orientation,  alignment, 
movement  prAlams 

that  can  cause 
failure 

4.  Mooring  systma  failures 
at  ship 

. Catastrophic 
failures  • early 
detection 

. Nedlian  to  major  spills 

1.  simple 

2.  Good  for  shipboard 
connections  and  tall 
hose  failures 

3.  Some  Incipient  failure 
detection 

1 . Oil  leaks  on  water 

1.  011  leaks 

2.  External  physical  defects 

3.  Orientation,  alignment 
and  movement  problems 
that  can  cause  failure 

. Ultraviolet  light 
causes  oil  to  fluoresce 
and  be  easily  seen. 

. Minor  spills 

Small  oil  leaks 

1.  Slagle 

2.  Aids  visual  Inspection 

3.  Low  cost 

4.  Some  Incipient  failure 
detection 

V.  l£55‘ircUl*eJit"'ffHure 

detection 

2.  Underwater  Inspection 

1.  011  leaks 

2.  Leaks  or  defects  In 
underwater  pipeline 

3.  Platform  structure 
damage 

l.Medi(xn  to  major  spills 

1.  Particularly  useful  If 
defect  or  failure  Is 
expected  based  on  other 
Inspections  or  If  a major 
earthquake  occurs. 

2.  Some  Incipient  failure 
detection 

3.  Fast  Inspections  over 
wide  area 

1.  011  leaks  at  or  near  buoy 

2.  Some  external  hose  string 
defects 

3.  Orientation  alignment  and 
movement  problems  that 
can  cause  failure 

4.  Mooring  system  failures 
at  buoy  and  along  mooring 
line 

5.  Hose  string  leaks  or 
rupture  ’ 

1.  Catastrophic  failures- 
early  detection 

2.  Minor  above  water 
spills 

3.  Medium  underwater  spill 

1.  Particularly  useful 
on  CALM 

2.  Simple 

3.  Provides  wide  range  of 
visual  Inspections 

4.  Provides  some  useful 
Incipient  failure  de- 
tection In  fog  or 
darkness 

1.  011  leaks 

2.  External  piping  (riser) 
damage 

1.  minor  to  medium  spills 

1.  simple 

2.  Some  Incipient  failure 
detection 

1.  Internal  surface  of  hose, 
chamber,  pipeline,  valve  oi 
machinery 

1 . 360^  viewing  In  all 
planes 

1.  Good  Incipient  failure 
detection 

2.  Commercially  available 

3.  Low  cost 

4.  Simple 

5.  Permanent  record 

6.  Inspection  of  areas  of 
that  cannot  be  Inspected 
other  means 

DISADVANTAGES 


1 . Hlfh  coat 

2.  Cannot  be  used  In  bad  MeetMr 

3.  Not  adeouatc  In  darkness 

4.  Subject  to  personnel  error 

5.  Difficulty  In  discriminating  . 
. betmeen  an  oil  spill  and  the 

oil  sheen  from  boat  engines 
or  a fe«  liters  of  oil  Isekege 
at  ship  (this  may  cause  sheen 
over  a vide  area). 

i1.  Inadeeuate  In  bed  netheri^, 
end  So  deftness  eicept  for  ship 
breakout 

2.  Subject  to  personnel  error 

3.  Difficulty  In  d1scr1n1nat1n( 
betmeen  minor  spills  and  thin 
oil  sheen  on  surface  of  meter 
(oil  sheen  can  occur  from  a 
fem  liters  of  oil  leakage  and 
can  cover  a wide  area) 

4.  High  cost 


1.  Nedliaa  cost 

2.  Inspection  frequency  Is  Halted 

3.  Cannot  be  used  In  foo,  darkness, 
and  rough  mater 

4.  Subject  to  personnel  error 

5.  Photographic  rocords  and 
video  tape  records  sometlaes 
unreliable  or  difficult  to 
Interpret 

1 .  High  cost 


1.  High  cost 

2.  Difficult  to  laalaaent  Far  SAIM 
SALM  buoys 

3.  Cannot  be  used  In  rough  oeather 

4.  Subject  to  personnel  error 

5.  Could  be  hazardous  to  personnel 


1.  Difficult  to  discriminate 
betmeen  thick  oil  spills  end 
thin  oil  sheen  on  surface 
of  mater 

2.  High  cost 

1.  Requires  that  Inspected  area 
be  emptied  of  oil 


* See  Tables  3-2  through  3-8  and  Tables  4-2  through  4-10  for  specific  OTS  component  application 
(m)Identlfles  Reference  nundier 

••  Minor  spill  <10,000  gal  (238  barrels);  Medium  spill  10,000  to  100,000  gal;  Major  spill  >100,000  gal. 
•**  Very  rough  estimate  of  Inspection  costs  for  year  for  OTS  coiMwnents  that  would  typically  be  Inspected: 
Low  cost  0 - t20k;  Ntdlua  cost  $20k  to  200K;  Nigh  cost  >$200K. 
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WILE  )-1  (CwtiiaMdJ 


l.7(»)  TV  Mpnltor  on  SPH  Buo 


(BrMd  covertje  of  M 
(tring  ind  ■ooring 
sysUiHiM  light  TV 

eiatra) 


1.  on  iMks 

2.  OrlmUtlon,  allgnaint, 
and  ■Dll want  problan 
that  can  cauta  fallurt 

3.  Ship  brMkout 


1.7(h)  TV  Monitor  on  Ship  1.  011  laaks 

(Vroad  covaraga  or  hoaa  2.  Orlantatlon,  allgnaant 
atrlng  and  ■oaring  and  aDvwant  prohloan 
ayttW'loH  light  TV  that  can  cauta  fallura 
caaara)  1.  Ship  brwkaut 


1.7(c)  TV  khinitor  on  Puwinq 
PlatTona  IBroad  ' * 
covaraga  of  platfora, 
pipallna,  ship  Mve- 
■ant,  ate.  - la«  light 
TV  caavra) 


Tape  Datactty  (") 
(Tapa  Mrappad  around 
hose,  flanga,  ate. 
laakad  oil  Mill  changa 
color  or  tape 
electrical  charac- 
tarlitlct) 


I.  011  laaks 


1.  Catastrophic  fallura- 
aarlji  detection 

2.  Nadliaa  or  alnor  spills 


1.  Catastrophic  fallura- 
oarly  detection 

2.  IMIia  or  oinor  spills 


1.  Minor  spills 


1.  011  laaks 


1.  Minor  spills 


(Infrared  type  point 
sensor.  TriptaltUr 
■roJhcU  >n  Infrared  light 
Dean  to  surface  of  uater 
and  reflected  Infrared 
light  Is  analyted  by 
receiver.  An  alarm  Is 
activated  Mhen  oil  Is 
detected.) 


2.2  On  Deck  of  Ship- Infrared 


ration  sane  as  2.1 

•2CSPt  dPyfCwS  SSmeSl 

Mtttry  poMrtdg  portable 
•Ad  satisfy  explosion 
proof  regulations) 


. Slaple 

. Mide  area  of  coverage 
I Operates  at  light  levels 
Inadequate  for  visual 
Inspection 

Sone  Incipient  failure 
detection 

Coawe rclally  available 
Slaple 

Wide  area  of  coverage 
Operates  at  light  levels 
Inadeouate  for  visual 
Inspection 

Soae  Incipient  failure 
detection 

Comarclal ly  available 
Aids  visual  Inspection  on 
deck  of  ship 
Slaple 

Wide  area  of  coverage 
Operates  at  light  levels 
Inadeouate  for  visual 
Inspection 

Soae  Incipient  failure 
detection 

. Conaierclally  available 
Low  cost 

Aids  visual  Inspection 
on  punplng  platform 
Slaple 

Good  Incipient  failure 
detection 
Can  be  used  for 
continuous  Inspection 
Can  be  used  underwater 


1.  Simple 

2.  Low  cost 

3.  Good  Incipient  failure 
detection 

4.  Reduces  dependence  on 
visual  Inspection 

5.  Some  coaaierclal  Instru* 
ments  can  discriminate 
between  thick  film  and 
on  oil  sheen.  This  Is 
difficult  to  Interpret 
by  visual  inspection. 

6.  Some  coemercial  devices 
are  explosion  proof 
certified. 

1.  Simple 

2.  Nedlum  cost 


4.  Some  Incipient  failure 
detections  since  oil 
spills  from  SPfl  would 
normally  drift  to  ship 

5.  Aids  visual  Inspections 

6.  Useful  at  night 


1.  Inadequate  In  fog,  bad 
weather  and  In  darkness 

2.  Wot  as  effective  as  continuous 
visual  Inspection 


1.  Inadequate  In  fog,  bad 
weather  or  darkness 

2.  Not  as  effective  as 
continuous  visual 
Inspection 


1.  Inadequate  In  fog.  bad 
weather  or  darkness 

2.  Not  as  effective  as 
continuous  visual  Inspection 


1 . Not  rugged 

2.  Feasibility/development  stage 

3.  High  cost 


1.  Currently  not  used  on  launches. 
However,  a few  oil  terminals  In 
Europe  are  considering  purcha 
of  such  devices 

2.  Alignment  may  be  a problem  In 
very  rough  weather 

3.  Nonitors  a small  area  typically 
less  than  a square  foot 


1.  No  coowierclal  version  exists 
for  use  on  deck  of  ship, 
but  maybe  available  in  ^ea** 
future 

2.  hedlum  development  funding  for 
ship  mounted  version 

3.  Device  must  meet  explosion 
certification 

4.  Tide  can  go  In  one  direction 
and  wind  In  another  direction 
so  that  detector  may  not  see 
oil  leaks  under  certain  con* 
ditlons 

5.  Requires  a relatively  stable 
platform  for  a spot  type  sensor 

6.  Sensor  must  allow  for  changes 
In  draft  of  ship 
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TAKE  3-1  (CwtlMNA) 


IMKaiON  ICTNOO 


OEFta  MEASURED 


t.J(t)  On  P1itfor»- 


•RRritlon  2.1) 


2.3(k)  On  Plitfom- 
^uortscent 
(Scanning  f) uores - 
cnnt*  type  tensor  but 
eaereMon  iMIar  to 

iTU 


2.4(t) 


On  Buoy-lnfrnred 
(Infrerad  type  point 
sensor.  Trinsaltter 
projects  a light 
baaa  to  surface  of 
aster  and  reflactad 
Infrared  light  It 
analysed  by  a 
recaluer.  An  alara 
It  activated  ahen  ell 
detected) 


2.4(b)  On  buov-ScannIno 


2.5(i)  Buoy  TyptHn  Situ) 
Type 

(Dtvict  fiMts  n*«r 
tht  (MP  coMponent  tnd 
ttparatts  oil  fron 
Mter  by  • pcniMble 
iROitirane.  Dovice 
senses  presence  of 
smell  quantity  of  o1' 
through  self  heated 
sensor  that  responds 
to  differences  In 
thermal  conductivity 
between  air  and  oil) 

2.f(b)  Buoy  Typedn  Situ) 

Straviolet 
i?sr  on  ultraviolet 
detection  principle) 

2.5(c)  Buoy  Tvpedn  Situ) 
e.sTrarfy 
(See  eperatlan 
2.1) 


1.  011  spills  on  aster 


1.  011  leaks  In  aster  at 
night 


1.  011  spills  on  aster 


1.  011  leaks  on  aster 


1.  011  leaks  on  aster 


1.  011  leaks  on  aster 


1.  011  leaks  on  aatar 


P-0 


DYNAIIIC  INSERTIOM  INTO 

on 


t.1(a)  Dve  Tracing-Visual 
(Insertion  oT  dye 
under  pressure  into 
OTS  conponents  such 
as  pipelines,  hose 
string  etc.,  and 
look  for  dye 
leaking  out  of  an  OTS 
coaponent) 


all  leaks 


3.1(b)  Dve  Tracing 


OS) 


luoroeeter 
(Insertion  of  dye 
under  pressure  Into 
OTS  conponents  such 
at  hose  string, 
pipeline,  SAM  etc. 
and  aonitor  leaks 
alth  detector) 


1.  Stall  leaks 


SENSITIVITY 

ADVANTAGES 

DISADVANTAGES 

1.  Niny  oil  conptnies  are 
currently  using  these 
devices  at  supertanker 
terminals  for  oil 
spill  detect1on;usua1* 
1y  Installed  on  piling 
or  on  deck 

1.  Simple 

2.  Low  cost 

3.  Works  In  fog 

4.  Some  Incipient  failure 
detection 

5.  Commercially  available 

6.  Aids  visual  Inspection 

1.  Requires  about  4 sensors  on 
platform 

1.  600  to  1000-foot  range 

1.  Works  well  at  night 

2.  Nedlui  cost 

3.  CoMierclally  available 

4.  Some  Incipient  failure 
detection 

5.  Aids  visual  Inspection 

1.  No  daylight  operation 

1.  SmII  area 

1.  Simple 

2.  Low  cost 

3.  Some  Incipient  failure 
detection 

4.  Particularly  useful  on 
CALM  buoy  at  first  hose 
off  buoy 

1.  No  coammreial  version  available 
for  use  on  buoy 

1.  Hide  range  around 
buoy 

1.  Some  incipient  failure 
detection 

2.  May  require  only  one 
sensor  on  buoy 

1.  Feasibility  stage  only 

2.  Hediimi  cost 

3.  Range  uncertain  at  this  time 

4.  Coiplex 

1.  Range  about  1 meter 

1.  Simple 

2.  Low  cost 

3.  Some  incipient  failure 
detection 

1.  fk)  coainercial  version  available 

2.  Would  require  an  array  to  be 
very  effective 

3.  Must  provide  safe,  explosion- 
proof  operation  under  severe 
environment  or  external  Impacts 

1.  Range  about  1 meter 

1.  Range  about  1 meter 

1.  Simple 

2.  Low  cost 

3.  Some  incipient  failure 
detection 

1.  Simple 

2.  Low  cost 

3.  Some  incipient  failure 
detection 

1.  Does  not  work  well  in  daytime 

2.  No  commercial  version  available 

3.  Usually  requires  an  array  of 
sensors  to  be  very  effective 

4.  Must  be  explosion  proof 

1.  No  coMserclal  version  available 
2-  Usually  requires  a variety  of 
sensors  to  be  effective 

3.  Must  be  explosion  proof 

1.  Itlnor  Spills 

1.  Sluple 

2.  Low  cost 

3.  Good  Incipient  failure 
detection 

4.  Can  be  used  In  darkness 

5.  CoMnerclally  available 

6.  Useful  when  residual  oil 
or  oil  fra*  eatemal 
sources  cause  difficulty 
In  detecting  leak 

1.  Slow  Inspection  method 

2.  Requires  out-of -service 
Inspection 

3.  Should  be  used  only  when  other 
visual  Inspections  cannot 
detect  a leak 

1 . Very  minor  leaks 

2.  10^  leak  sensitivity 

3.  10  to  100  times  more 
sensitive  than  visual 
dye  tracing  InspKtIon 

1.  Sleple 

2.  Low  cost 

3.  Good  Incipient  failure 
detection 

4.  Not  subject  to  personnel 
error 

5.  Conaerctally  available 

6.  Useful  when  residual  oil 
or  oil  froei  asternal 
sources  cause  difficulty 
Is  detecting  leaks 

1.  Slow  Inspection  method 

2.  Requires  out-of-service 
Inspection 

3.  Should  be  used  only  when  other 
visual  Inspections  cannot 
detect  leaks 

T«ILE  3-1  (CMtlMMd) 


iNSKaioi  Mmao 

OCPECT  KASUKt 

1 SEMSITIVm 

ADVANTAGES 

DISADVANTAGES 

3.2.1  iMDOctlon  Pigs 

[Proptlltd  tnrough 
pIpenM  by  fluid 

T 

f|ou) 

3.2.1 (o) 

Monetlc  F|ui  <’*> 

1. 

Corrosion 

1. 

Severity  of  corrosion 

1. 

High  reliability 

1.  High  cost 

(oToctroaognotlc 

2. 

Mardspots,  afg.  flaws 

In  three  ranges- 

2. 

Locates  defects 

2.  Difficult  to  interpret  megnetic 

thanges  In  wall 

3. 

Girth  welds,  pits 

IS-30t  of  wall 

3. 

Permanent  record 

anomalies 

thickness  effects 

4. 

Cathodic  protection 

30-sot  of  wall 

4. 

Monitors  Integrity  of 

3.  Requires  human  Interpretation 

■egnctlc  field. 

5. 

Improper  bends  of 

>SOt  of  wall 

line 

4.  Electromagnet  type  cannot 

Induced  negnetlc 

pipeline 

2. 

Approxlaately  1/8  Inch 

5. 

Locates  potential 

determine  If  defect  Is  Inside 

field  end  detec- 

6. 

touges 

defact 

failures  before  they 

or  outside  of  pipe 

tlon  tccoegillthod 

7. 

Mrlnklo  brads 

3. 

Severity  of  pitting 

become  catastrophic 

S.  Perminent  magnet  type  can  gat 

with  cltctro' 

8. 

Mydrooon  bllsUrs 

stuck  In  pipeline  end  be 

tgmts  or  ptr- 

8. 

lands 

6. 

Helps  evaluate  effect- 

difficult  to  remove 

■Mont  nignets. ) 

Iveness  of  cathodic 

6.  Anomalies  around  girth  weld 

protection  coating 

difficult  to  detect 

7. 

Coaoierclally  available 

7.  Does  not  detect  thin  creeks 

very  well 

3.2.1(b) 

lailoer 

THngef  mechaniso 

1. 

Measures  changes 

1, 

Abrupt  changes  In  wall 

1. 

Extremely  useful  In  new 

1.  Much  lower  sensitivity  than 

In  Inside  pipeline 

thickness  of  1/8"  or 

pipeline  construction 

magnetic  flux  Inspection  pig 

In  pig  transults 

dlasKUr 

more 

2. 

Medliai  cost 

changes  In  pipe 

2. 

Detects  dents,  buckles 

2. 

Nigh  degree  of  accuracy 

3. 

Locates  size  and  location 

diaatters  to  a 

3. 

Detects  obstructions 

of  measuring  length  of 

of  significant  changes 

charting  device  In 

4. 

Changes  In  wall 

heavy  wal)  pipe 

In  pipeline 

pig  housing.) 

5. 

thickness 

Flat  spots,  bends 

6. 

Partially  closed  valves 

3.2.1(c) 

Active  Ultrasonics 

1. 

Pipe  wall  thickness 

1. 

Indicates  dimension  of 

1. 

Location  of  defect 

1 . high  cost 

2, 

taulnatlons 

defect 

2. 

Permanent  record 

2.  Difficult  to  Interpret 

pipeline  In  transverse 

3. 

Inclusions 

3.  Requires  human  Intcrpratatlon 

direction  using  activo 
ultrasonic  scanning 

4. 

Cracks 

4.  Not  widely  used 

tool . ) 

3.2.1(d) 

Passive  Ultrasonfci'®' 

I, 

Leak  detection  through 

?. 

3 to  5 gallons  per  hour 

J. 

locates  leak  within  a few 

1.  High  cost 

(An  escaping  fluid 

hair  cracks  or  sawll 

leaks 

feet 

2.  Not  convtiercially  in  use  in  the 

from  a pipeline 

corrosion  holes 

2. 

Should  work  well  If  a 

U.S.  because  of  difficulty  in 

leak  aalts  sounds. 

leak  detector  pig  1$ 

applyina  device  to  a variety 

Passive  ultrasonic 

built  and  dedicated  for 

of  pipelines 

detectors,  mounted 

a specific  pipeline 

3.  Reouires  sorx  development  for 

In  an  oil  tight 

reliable  results 

container,  detect 

4.  Background  noise  currently 

the  leak.) 

limits  leak  resolution 

3.2.1(e) 

Ilv^nspectlon  camera 

1. 

visually  Inspects  inside 

1. 

Slightly  better  than 

1. 

Simple 

1.  In  feasibility  stage  only  be- 

Of  pipeline  for  cracks, 

visual  Inspection 

2. 

Permanent  record 

cause  TV  signals  currently 

wltn  low  light  TV 

pits,  etc. 

2. 

360®  viewing 

3. 

Medium  cost 

cannot  be  transmitted  without  a 

camera  and  video  tape 

cable  attached  to  camera. 

or  TV  monitor  .) 

See  3.2.2(a) 

3.2.1(f) 

Nuclear 

1. 

Saall  hole  through 

1. 

Sensitivity  uncertain 

1. 

simile 

1.  Feasibility  stage  only 

(Nuclear  source 

cracks 

2.  Radiation  safety  requirement 

installed  (n  tn- 

3.  Hloh  signal  attenuation  from 

spoctlon  pig  to 

source  ceused  by  water 

detect  looking 
■Inute  radioactive 

4.  High  cost 

quantities  outside 
the  pipe.) 

3.2.1(g) 

Ultratonlc(Holo-*’** 

1. 

Defects  Inside  the 

1. 

Flaw  area  of  about 

1. 

Excellent  picture  of 

1.  High  cost* 

graphic)  Imagina 

saterlal 

0.2imii  X 0.2iiin 

Inside  pipe 

2.  Product  not  commerclelly 

[3>d1mens1ona1  view 

2. 

Corrosion  and  or  erosion 

2. 

Instruaent  can  be  set 

2. 

Covers  S to  10  miles  per 

available  yet  for  84*  pipeline 

of  Inside  of  pipe- 

3. 

Pits 

to  meet  any  API 

hour 

3.  Requires  high  developmental  cost 

line  wall'lnclu^s 

4. 

Loss  of  aaterlal  on 

specification 

3. 

Excellent  Incipient 

4.  Reliability  Is  uncertain 

scanning  head,  re- 

Inside  or  outside  of  wall 

3. 

Thickness  resolution 

failure  detection 

cording  module. 

s. 

Hall  thickness 

of  about  .OSani 

4. 

Simple  Interpretation  of 

electronic  holo- 

4. 

Provides  3 dimensional 

data 

graphic  coagiuter 

leage  showing  length. 

• 

signal  processor 

width,  geowetry  and 

and  power  supply. 

See  appendix  B for 

depth 

further  Inforvatlon  .) 

_ 



* OmlofMot  coit  of  tMt  tMO  of  Intpoctlon  pig  to  bo  propollob  through  tho  mUr  fluid  flou  noy  rmgo  froa  2 to  S 
■lllloh  dollirt  for  o highly  rolloblo  rorslon. 


9BXS  PAGE  IS  BEST  QUALITY  FRACTICA&JI 
W9M  CSOiPY  FURMISHiD  10  DDC  
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BBIS  PACa  IS  &££!  5 ...:_TTY  PRACTICABLE 
tfaOM  COPT  f URNluhE. 


mu  1-1  (cwtiMri) 


IMKaiM  KTHOO 

(min’  NEASUKO 

SOBITIVm 

AOVANTAfifS 

OISAOVANTAfiES 

l.t.1(f)  Tracking 

(Inapactlon  pig 
locatad  In  piptlinc 
ky  nonltorlng  signal 
fnm  nuclaar, 
acoustic  pingar  or 
nuclaar  sourct  1n- 
stko  Inapactlon 
ar  claaning  pig.  Alsg 
can  ba  an  acoustic 
pingar  Inside  a 
polyurethane  sphere.) 

1.  Locates  stuck  Inspection 
or  cleaning  pig  caused  bj 
Dtpellne  defects  - 
Improper  bending  or 
•edlirni  or  major  leaks. 

1.  Sensitive  only  to 
targe  defects  In 
pipeline 

1.  Simple  locating  method 

2.  Low  cost  for  poly- 
urethane spheres 

3.  Sonrn  Incipient  failure 
detection 

4.  Coaaerclally  available 

1.  Relatively  Insensitive  to 
most  pipeline  defects 

1.2.2  Intaertlnn  Pins 
(pushed  or  pulled 
through  pipallne  or 
haaa  string  via 
eablas,  etc.) 

1.2.2(a)  Camara 

(Law-light  type 
camera  and  vidao 
tape  or  TV 

1.  Visually  inspect 

Inside  of  pipeline 
for  cracks,  corrosion 
pits,  paint  condition. 

1.  Slightly  better  than 
visual  sensitivity 

2.  360°  viewing 

1 . Medium  cost 

2.  Can  be  used  to  Inspect 
inside  of  hoses 
particularly  In  evacua- 
ted condition 

3.  Some  Incipient  failure 
detection 

4.  High  reliability 

5.  Commercially  available 

6.  Can  be  stopped  for 
viewing  of  questionable 
areas  of  pipe  or  hose 

1.  Requires  out-of-service  opera- 
tion 

2.  Currently  limited  from  10(X) 
to  3000  ft. 

2.  Inspects  Inside  of  hose 
for  defects  under 

vaewaa 

4.  Requires  clean,  clear  water 

5.  Works  best  with  fresh  water 

3.2.2(b)  Stereo  Pairs  Camera 
(strotad  Tight  es- 
pesumK  with  no 
caasra  ahuttars) 

1 . Same  as  above 

1 . Slightly  more 
sensitive  and 
better  pictures 
than  camera 

1 . Medium  cost 

2.  Can  be  used  to  inspect 
Inside  of  pipeline  or 
hoses 

3.  Some  incipient  failure 
detection 

4.  High  reliability 

5.  Coamierclally  available 

1.  Requires  a conductive  coaxial 
cable 

2.  Currently  limited  to  about 

3000  ft. 

3.  Requires  clean,  clear  water 

3.2.2(c)  Eddy  Current 

(EMy  current  clMn9es 
In  non-imgnctic  tubing 
caused  by  defects  are 
detected  by  a re- 
cord1n9  Impedance 
bridge  ~ pipeline  onlj 

1.  Wall  thickness 

2.  fits 

3.  Cracks 

4.  Holes 

5.  Corrosion 

6.  Surface  or  near* 

) lurfact  defects 

1.  longitudinal  cracks 
.1  mm  deep  by  lOmn 

In  length  can  be 
detected 

2.  Changes  In  wall 
thickness  of  1%  In 

a IQmr  length  can  be 
detected 

1 . Nedltmi  cost 

2.  Good  Incipient  failure 
detection 

3.  Widely  used 

4.  Commercially  available 

5.  Locates  defects  near 
surface 

1.  Insensitive  to  circumferential 
cracks,  short  cracks  and  shallow 
cracks 

2.  Requires  out-of-ser1vce 

Inspection 

3.  Non-magnetic  materials  only 

4.  Limited  to  a few  30  foot 
lengths  of  pipe 

1.2.1  Inspection  Pigs  with 
Wanned  Inspectors 
(Pushed  or  Internally 
powerad  through 
larpa  pipelines.) 

1.2.3(a)  Inspection  Methods 
(See  part  5 of  tnls 
table) 

1.  All  Internal  defects 
and  pipellna  corrosion 

1.  Best  overall  sensiti- 
vity of  any  Inspectioi 
mathod  for  pipeline 

1.  Best  overall  incipient 
Insoectlon  technique  for 
Internal  examination  of 
pipeline 

2.  Operational  under  Hmltec 
use 

1.  Very  high  cost 

2.  Slow 

3.  Requires  out-of-service 
operation 

4.  Feasibility  stage  tor  powered 
type  vehicle 

1.2.1(h)  Ultrasonic  Imagine 
(Holographic) 

(Saa  discussion 
3.2.1(g).  Nithed 
was  applied  to  ALTESU 

pipeline  using  manned 

Inspectors  and  a 

powerad  vehicle) 

'l.  Smaa  as  3.2. )(g) 

1.  Same  as  3.2.1(g) 

1.  Excellent  hard  copy 
pictures  of  Internal 
flow  In  pipeline 

2.  Excellent  Incipient 
failure  detection 

3.  Simple  data  Interpreta- 
tions 

4.  Commercially  available 

1 . High  cost 

2.  Device  must  be  designed  and 
engineered  for  specific  pipeline 

3.  Reliability  uncertain  at 
this  time 

4.  Requires  out-of-service  Inspec- 
tion 

pressurliad  and  pressure 
gages  used  to  detect 
presaure  leaks) 

1.  Laaks  In  pipallne. 
hoses  and  other  OTS 
coavonents 

1,  Minor  leaks 

1.  Simple 

2.  Low  cost 

3.  Provides  good  Incipient 
failure  detection 

4.  Widely  used  Inspection 
technique 

1.  Out-of-service  Inspection 

2.  Potential  damage  to  pipeline, 
hoses  or  other  components 

3.  Requires  leak  detection  mathod 
to  locate  leaks 

4.  Downtime  for  te«if>erature 
stabilization  can  be  of  long 
duration. . 

3.1  Reflected  Pressure  Wave 
(pipeline  must  be  blocked 
offp  emptied  and  filled 
with  nitrogen  and  then 
pushed  with  a pressure 
wave*  pressure  were 
reflects  from  cracks 
before  It  reflects  end  of 
iimiMl  

1 . Internal  cracks 

1 . Detects  large  cracks 
of  about  2.S  cm. 

1.  Provides  some  Incipient 
failure  detection 

2.  low  cost 

3.  Simple 

4.  Can  be  used  for  pipeline 
Inspection 

1.  Out-of-sorvfce  Inspection 

2.  Sensitive  to  Internal  surface 
roughness 

3.  Experimental  technique 

4.  Currently  has  only  been  tested 
on  pipeline 

5.  Questineble  for  Inspection  of 
hose  string 
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TMLE  3-1  (ContliHMd) 


JBISPASE  IS  BESI  QUALITY  PRACTICABLE 
UnM  OOTY  FUKlilSHEI}  TO  DDC  i — ^ 


(NSPeCTtON  METHOD 


DEFECT  MEASURED 


1.  Intcrruil  hose  string 
defects 

2.  Hose  Inner  cover  deasgc 
or  seperetlon 


1.  Defects  In  threeded  or 
■elded  connections  of 
piping 

2.  Pipe  leeks 


3.5  Vecuui  mth  TV  Inspection 

^e  3.2.1(e),  3.2.2(a). 

3.2.2(b)  of  Table  3-1.) 


3.6  External  Hydrostatic^^^ ^ 
(Device  fits  over  dnd  seals 
small  sections  of  piping. 
External  pressure  is 
I applied  and  monitored.  If 
an  Internal  leak  exists, 
pressure  decrease  will  occur 
and  the  leak  detected  . ) 


3.7  ^oustlc  Resonance  h.  Cracks  or  oouges  in 

(Locates  cracks~rn  gas-filled  pipeline  wall 
pipelines  by  using  the 
"organ  pipe"  resonances  of 
the  gas  column  in  pipeline 
to  measure  distance  from 
pipe  Input  to  crack  in 
pipeline  mall*  Requires 
microphone  and  sound 
ftnerator  at  pipeline  input 


Similar  to  visual  out- 
of-service  inspection 


Better  sensitivity  than  1 
hydrostatic  testing  2 
3 


Depends  upon  pipeline  1. 
radius  and  wall  thicknes:  2. 
and  wavelength  of  sound.  3. 


Sieple 
Nedlua  Cost 

Good  Incipient  failure 
detection 

Provides  Inspection  for 
defects  that  can  be  found 
by  on-shore  inspection. 

Low  cost 
Simple 

Potentially  can  be  applied 
to  hose  flanges  and  under-  > 
water  piping 

Good  Incipient  failure  ; 

detection 

Quick  test  time 

Coammrclally  available 

Low  cost 

Simple 

Good  Incipient  failure 
detection 

Particularly  useful  in 
Inaccessible  areas 


DISADVANTAGES 


Potential  difficulty  in 
Interpreting  data  because 
of  hose  bending  effects  at  the 
time  of  Inspection 
Difficult  to  Implement 


Must  be  applied  externally 
Not  a replacement  for  con- 
ventional non-destructive 
testing  such  as  X-ray. 


Requires  out-of-service 
Inspection 


4.0  CORROSION 

6-1  torroslon  Flow  Sampllno^^^^ 
(Corrosion  rate  coupons, 
laboratory  analysis  of  flow 
content,  strainer  and  pig 
trap  monitoring) 

4.2(a)  Corrosion  kteterinq^^^^ 
fntemai 

TCorrosTon  rate  probe 
Installed  Inside  at  the 
top  of  pipeline  with  an 
exposed  element. 

Corrosion  causes  a change 
In  electrical  resistance 
of  element.)  ' 


1.  Internal  pipeline 
corrosion 


1.  Internal  pipeline 
corrosion 


1.  Potentially  can  detect 
major  corrosion 

2.  Corrosion  trend 
Indicator 

1 , Potentially  can  detect 
major  corrosion 

2.  Corrosion  trend 
indicator 


Difficult  to  determine 
quantitatively  the  amount 
of  corrosion 

Does  not  locate  corrosion 

Indicates  corrosion  trend 
Does  not  locate  corrosion 


fWTgPiAflac  IS  BEST  QUALITY  FRACIICABI^ 

IBOII  COPY  lu 


INSPECTION  METHOD 


4.2(b)  Corrosion  Heterin 


txternat 

(Potential  neasurenents 
and  continuity  aeasure- 
■ents  of  exposed  steel  of 
OTS  coaponents) 

4.2(c)  Visual  Corrosion 


4.3  Holiday  Oetector'^^^^ 

nc7  Ice  places  an  electric  i 
potential  between  pipe 
section  and  an  electrode 
that  1$  In  contact  with 
outside  coating  of  pipe. 
Electrode  typically  is  a 
coiled  spring  around  pipe. 
Electric  potential  is  set 
High  enough  so  that  an  arc 
In  air  Is  produced  when 
thickness  of  coating  Is  not 
satisfactory  .) 


5.0  HOh-DESTRUCTIVE  TESTING 
(Comonly  used  methods* 
can  be  used  on  most  OTS 
components) 

(References  19,  24.  25.  26. 
27.  28.) 

5.1  Passive  Ultrasonics 

(Portable-hand  held,  towed 
fish,  etc.  - ultrasonic 
detectors  that  detect  sounds 
emitted  at  leak  source  of 
hose  string,  pipeline,  SPM. 
etc.)  I 


DEFECT  MEASURED 


1.  External  corrosion  of 
pipeline,  hose  string, 
SPM  and  other  OTS 
components 


External  corrosion  of 
pipeline,  hose  string, 
platform  structure, 
and  other  OTS 
components . 

Coating  discontinuities 
Surface  defects 


TRBIE  3-1  (Continued) 


1.  Provides  adequate 
measurement  of  con- 
ditions of  cathodic 
protection  for  most  OTS 
components 


1.  Defects  of  pinhole  or 
microscopic  size 


1.  Siiple 

2.  Low  cost 

3.  Widely  used 

4.  Good  incipient  failure 
detection 

5.  Conaercially  available 

1.  Low  cost 

2.  Simple 

3.  Some  incipient  failure 
detection 

1.  Siflple 

2.  Some  Incipient  failure 
detection 

3.  Comae rcially  available 

4.  Low  cost 

5.  Indicates  if  coating 
is  less  than  ideal 


DISADVANTAGES 


1.  Diver  inspection  required  for 
undersea  OTS  coi^K>nents 
No  reliable  meth^  for 
submarine  pipelines  that  are 
greater  than  5 miles  offshore 

. Subject  to  personnel  error 
^ Not  quantitative 


I.  Pipe  must  be  uncovered  and 
above  water 


1.  Leaks 

2.  Valve  damage 


1 . Minor  leaks 

2.  Detects  mediian  leaks 
up  to  about  300  feet 
away  on  pipelines 


1 . Low  cost 

2.  Simple 

3.  Conmercially  available 
for  above  water  or 
underwater  use 

4.  Some  incipient  failure 
detection 

5.  Leak  location 


1.  Must  be  very  close  to  leak 
source  if  it  cannot  be 
attached  to  leaking  structure 

2.  Leak  location  only 

3.  Cannot  be  used  to  accurately 
determine  severity  of  leak 


■BKaiOH  METHOD 


■DEFECT  MEASURED 


Activt  Ultrasonics 


ultrasonics  oava  pulsos 
ttiraugh  or  along  DHR 
eWRonant  and  than 
ddtdcts  dlstortod 
Mva  pulsas  or  ro- 
floctlon  tiaas  of 
raturaod  wros  froa 
difact  arats - ) 

lillA 

(EdTograplilc  aathod 
uaas  X-ray  source  to 
panatrata  througH  a 
aatarlal.  Intensity  of 
panatratlon  Is  aodlflad 
by  passage  througb 
aatarlal  and  dafacts. 
Visible  contrast  on 
file  shous  defect  free 
arae  and  dafact.) 

Radio  Active  Isotopes 
GagaRjU^ 

(»ne  typn  of  operation 
OS's. 3 but  a radioactive 
aaurce  Is  used  Instead  of 
X-ray  source.  Source  and 
detector  flln  at  iao«. 
for  on  land  Inspections 
Source  and  detector  can 
also  be  on  saaa  side 
for  back  scatter  aathod. 

Magnetic  Particle 
(lltgnatlie  Inspected 
coaponent  apply  and  aag- 
natlc  particles  to 
aNnetliad  area.  If  flaw 
is  close  to  surface, 
aagnatic  particles  will 
deposit  thaaselves  along 
flaw  because  of  leakage 
In  aagnatic  f1u«  at 
the  discontinuities.) 

aiagy  I c Rubber 
(Method  the  sane  as 
S.S  eicept  nagnetic 
particles  suspended  In  a 
curing  rubber  vehicle 
that  IS  the  pennanent 
record  after  cure.) 


|1.  Internal  defacts 
]2.  Thickness  aeasui' saints 
3.  Corrosion  aaasuranants 


TAILE  3-1  (Cantinuad) 


1.  About  IX  thickness 
variations  can  be 
detected  easily 

2.  Internal  defects  such 
at  load.  « lanN  « 
.tedi  can  be  de- 
tected at  distances 
up  to  2 aeters  aaay 


1.  Internal  defects 

2.  Thickness  aaaturenents 

3.  Corrosion 


1.  Internal  defects 

2.  Thickness  naasurenents 

3.  Corrosion 


1.  Essentially  all 
defects  at  or  near 
surface 


1.  Essentially  all  defects 
St  the  surface  or  sub- 
surface 


r.j^.rllc  Foil  or 
i^une.lc  tIm 
"tm  .'peratlon  at 
i ft  ns^ept  a foil  or 
tape  It  used  to 
contain  aagnatic 
particles . ) 


pTmTTar  to  other 
kinds  of  holography 
but  uses  an  array  of 
transducers  for  high 
freguency  coherent 
sounds  In  order  to 
penetrate  Inside 
structure  for  3- 
dlaentlonal  acoustic 
laage  visa  of  Interior 
of  solid.  Device  In- 
cludes scanning  head 
and  ultrasonic  holo- 
graphy coaiputer 
signal  processor  to 
recreate  laage.  For 
undeniatar  use  Includes 
video  ceaara  and 
light  saarce) 


1.  Less  sensitive  than 
X-ray 

2.  Defects  about  Earn 
length  and  lam  depth 
can  be  detected  under- 
aater 

3.  Gives  average  nail 
thickness  for  through 
pipe  Inspections 

4.  Provides  severity  of 

flaa 

1.  Highly  sensitive  for 
surface  or  subsurface 
fiMS 

2.  Defects  about  1am  In 
length  can  be  detected 

3.  More  sensitive  than 
penetrant  aethod 


1.  Very  high  sensitivity- 
defects  0.1  to  0.15  am 
In  length  can  be 
detected 


1.  Essentially  all  defects 
at  the  surface  of 
subsurface 


1.  Defects  Inside  the  aat- 
erlal  In  3 dimensions 

2.  Corrosion/erosion 

3.  Pits,  cracks,  etc. 

4.  Lott  of  aaterial  on  Insid 
or  outside  of  pipe  aeld 


1.  Less  sensitive  than 
aagnctlc  rubber  but 
more  sensitive  than 
magnetic  particle  for 
undenaater  use 


1.  Flou  areas  of  about 
0.^  a 0.2  am 

2.  Instrument  can  be  set 
up  to  meet  any  API 
specification 

3.  Thickness  resolution 
of  about  O.OSam 

4.  Provides  length,  aldth, 
Shape  and  depth  of 
crack 

5.  Penetrates  to  about 
1 meter  In  solid 
steel  or  0.3  meters 
of  rubber 


XI  MftSX 


low  cost 

Z.  Widely  used  Inspection 
■ethod 

3.  Excellent  Incipient 
failure  detection 

4.  Works  well  underwater 

5.  Can  be  used  for  aost 
Materials 

6.  Coaaerclally  available 


1.  Excellent  sensitivity-  1. 
about  IX  of  thickness 
variations  can  be  2. 
detected 

3. 

2.  Poor  resolution  of  4. 
thin  horizontal  cracks  5. 

3.  Gives  average  wall 
thickness  for  through 
pipe  Inspection 


Can  be  used  for  alaost 
any  Material 
X-ray  records  easy  to 
Interpret 
H1^  reliability 
Caaeerclally  available 
Excellent  incipient 
failure  detection 


1 . Can  be  used  for  any 
Materials 

2.  CoMonly  used  under- 
water 

3.  Records  easy  to  Interpret 

4.  Highly  reliable 

5.  Excellent  Indolent 
failure  detection 
particularly  for 
underwater  use 

6.  CoaMttrclally  available 

1 . Slaple 

2.  Can  be  used  underwater 

3.  Low  cost  for  above  water 

4.  High  reliability 

5.  Excellent  Incipient 
failure  detection 

6.  CoMrclally  available 


1.  Difficulty  In  providing  a test 
report  of  Internal  defects 
because  of  Interpretation 
difficulty 


High  cost 

Poor  penetration  through  water 
SeidOM  used  underwater 
Radiation  safety  Measures 
required 

High  voltages  are  cause  for 
probleMS  underwater 
CiMbersoMe  equlpwent 


1.  High  cost 

2.  Requires  captivated  systiM  for 
underwater  use 

3.  Poor  penetration  through  water 

4.  Radiation  safety  Measures 
reoulred 

5.  Slow  Inspection 


1.  Can  only  be  used  on  ferroMfROt 
Materials 

2.  Sudden  changes  in  perwlablllty 
produce  false  defect 

3v  Nedluw  cost  for  underwater  use 

4.  Poor  pennanent  records  If 
underwater  photos  required 

5.  OeMignetlzatlon  Is  usually 
required. 


1.  SiMple 

2.  Can  l>e  used  underwater 

3.  Excellent  pennanent 
records 

4.  Particularly  useful  In 
SMill  confined  areas  or 
In  areas  of  poor 
illuMinatlon  or  visual 
Inspection  difficulties 

5.  Comnerclally  available 

6.  Low  cost 

7.  High  reliability 

1.  SiMple 

2.  Can  be  used  underater 

3.  Most  reliable  NOT 
underwater  Inspection 
Method 

4.  Good  permanent  records 

5.  Low  cost 

1 . Good  hard  copy  picture 
of  Internal  flaw  with 
little  or  no  Interpre- 
tation of  data  required 

2.  Has  been  used  underwater 
with  good  success 

3.  Device  can  be  hand  held  or 
attached  to  pipeline 

4.  Excellent  Incipient  fallun 

5.  Comnerclally  available  in 
1978 

6.  Potentially  can  be  used  for 
hoses  oartlcularly  at 
nipple  section 

7.  Simple  Interpretation  of 

data 


1 . Can  only  be  used  on  ferronagnetic  ' 
materials 

2.  Sudden  changes  In  permeability  ' 
produce  false  defect 

3.  Can  be  used  underwater  but  not  | 
■uch  Information  available  for 
sensitivity  or  reliability  for 
OWP  underwater  application. 


1.  Can  only  be  used  on  ferro- 
magnetic materials 
. Sudden  changes  In  permeability 
produce  false  defect 


1 . Medium  cost  , 

2.  Device  has  been  used  success-  I 
fully  for  a number  of  underwater  ' 
applications  and  needs  tngineor- 
Ing  design  for  specific 
application 

3.  Reliability  and  performance 
specification  are  uncertain 
at  this  time 


TMLE  3-1  (ContdMMO 


IMNCTIOM  WntOO 

DEFECT  MEASURED 

SEItSITIVITV 

ADVANTAGES 

DI5AOVAIITAGE5 

i.M*)  tottcil  HDloariptur 

1.  Surface  flows  such 

1.  3*d1aens1ona1  iMiges 

1 . PerMnent  record  of 

1.  High  cost 

Iff*'"* 

(SlafYar  to  ultrasonic 

as  cracks,  voids,  etc. 

show  length,  width 

data  at  surface  of 

2.  Above  water  use  only 

2.  Sense  surface  defects 

geometry  and  depth 

■aterlal 

laaging  holography.  Tht 

after  structure  Is 

2.  lUsolutlon  equal  to 

Good  Incipeint  failure 

signal  proctssor  pro* 

stressed 

wavelength  of  energy 

detection 

vidts  opticti  picture  of 
daU  In  3-dlati<s1on. 

being  used 

3.  Coanercially  available 

Uses  cohertflt  IlgPt 
sources  end  sn 

ultrasonic  noloprapdlc 
co^iuter  signal  processo 
to  recreate  leages  . ) 

S.f  Eddy  Current 

Id  wtactor  coll  carrying 

1.  Intemel  dtfects 

1.  Above  weter  cracks* 

1.  locating  defects  near 

1.  Poor  reliability  for  underwater 

2.  Creeks 

0.2  to  0.4an  sensi- 

surface 

use 

alternating  current  Is 

3.  Thickness 

tivity 

2.  Low  cost 

2.  Does  not  work  In  non-metals 

brougPt  near  a 

4.  Voids 

2.  Below  water  cracks  - 

3.  SlRV>le 

3.  Needs  development  for  rtlleble 

■aterlal  speclean  and 

5.  Corrosion 

about  0.*m  i ICkmnL 

4.  Comaiercially  available 

underwater  use 

addy  currents  are 

5.  Good  Incipient  failure 

Induced  by  electro- 

detection  for  above 

■agnetic  induction. 

water  use  and  some 

Discontinuities  In 

incipient  failure 

■aterlal  change  the 

detection  for  under- 

eagnltude  of  Induced 

water  use 

eddy  current • ) 

6.  Works  well  on  thin 

■aterlals 

5.10  Penetrants 

1.  Surface  creeks,  laps 

1.  Above  water  cracks. 

1.  Simple 

1 . Cannot  be  used  underwater 

(A  liquid  penetrant 

2.  Intemel  defects  with 

defects,  etc.  of  a^ut 

2.  Covers  a large  area 

2.  Will  not  work  with  surfaces 

Is  appllad  to  the 

surface  openings 

1 imi  width. 

3.  Low  cost 

covered  with  oil,  grease. 

Inspected  surface. 

2.  Much  nore  sensitivity 

4.  (Ummerclally  available 

paint,  etc. 

After  sufficient 

than  visual  inspection 

S.  Good  Incipient  failure 

3.  Needs  research  and  development 

penetrating  t1iae»  the 
excess  penetrant  Is 
wiped  off  and  a white 
powder  is  typically 
applied  to  the  surface. 
After  a period  of 
tine  penetrant  seeps 
out  of  crack  and  reduces 
the  whiteness  of  the 
powder  and  the  defect 
can  be  observed. ) 

detection  above  water 

for  underwater  use 

5.11  Bolt  TIAtness 

1.  Bolt  tightness 

1 . Standard  torque 

1.  Simple 

[Torque) 

(Cpapon  torque  wrench  ) 

wrench  eccurecy 

2.  low  cost 

3.  Insures  bolt  tightness 
specifications 

4.  Can  be  used  on  land  or 

underwater 

5.  CoMxerclally  available 

6.  Some  Incipient  failure 

detection 

t.O  SURVEY  (»).(»). (31). (32) 

s^or  undersea  Pi'^elincs 
pueplng  platfonn,  'mchors'', " ' 

PLEH  base.  etc. 

6.1(a)  Sonar-$1descan 

(Inspects  for  topo- 

1.  Bare  spots  In  the  undersea 

1 . Exposed  undersea 

1.  Provides  excellent  Inci- 

1.  Reguires  skilled  interpre- 

pipeline 

pipeline  surfaces  as 

plent  failure  detection 

tatlon  of  data 

graphical  features  and 

2.  Pipeline  orientation 

small  as  2.54  cm 

2.  Fast  Inspection 

bare  spots  In  pipelines- 
An  acoustical  trans* 

3.  Covers  wide  area 

1.  Low  cost 

5.  Coainercial  systems  or 
services  available 

6.  Method  can  be  used 
simultaneously  with 
sub-bottom  profiling 
inspection  to  obtain 
depth  of  pipeline 
burial 

ducer  In  a towed  fish 
(travelling  close  to 
the  sea  bottom)  sends 
a pulsed  and  almost 
horizontal  beam.  The 
strength  of  the  echo 
of  the  transmitted  beam 
provides  sufficient 
Information  to  deter- 
mine size  and  orlantatio 
of  pipeline  bare  spots.) 

IBIS  PIQE  IS  BEST  QUALITY  PRACTICABLE 
IIKilI  COiPY  FUKwlahj^  IV  UDC  
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J 


ikkction  method 


KFECT  MEASURED 


6.1(b)  Sonir-Penetritina  1- 

Sub-Hottoiii  Profiling  Z. 

(TMo  tcousticil  trint-  3. 
6uctrs.  one  penetratin 
througb  overburden  of 
pipeline  and  one  that 
reflects  fro*  pipeline 
overburden,  are  tmed 
In  a toe  f1sb. 

Transducers  tend 
pulsed  vertical  beans. 

The  strength  of 
reflected  echos  pro- 
vide sufficient  data 
to  deteieilne  depth  of 
burial) 

(32) 

6.2  SurveyingiCosEonent 
location 

(32 

6.2(a)  Diver  Usino  Microwave  1. 
Position  Systew 
(Diver  wtut  the  pipe-  2. 
line  and  will  hold 
a taunt  buoy  line. 

A eicrowave  posi- 
tioning tysteai 
antenna  is  aounted 
over  the  buoy  and 
it  used  to  accurately 
locau  the  position 
of  a diver) 

6.2(b)  Diver  Using  Acoustic  1* 

Transponder  System  2. 

Ttiver  walks  pipeline 
and  transmits  positio  i 
with  an  acoustic 
transponder  with  a 
1®  bean) 


Depth  of  burial 
Trench  delineation 
Pipeline  locations 
and  orientation 


1.  Depth  of  burial  to 
S cn 


Precise  pipeline 
location 
Pipeline  danage 


1 . Precise  pipel ine 
location  to  2D0  n 
of  water  depth 


Precise  pipeline  location 
Pipeline  danage 


1.  Precise  pipeline 
location  to  200  n 
of  water  depth. 


6.2(c)  Mi! 


<;  Systems  See 
end1«  B.6.21c) 


6. 3 SCOUR 

6.3(a)  Diver  Visual 
Tnsoection  ~ 


1.  Identifies  unprotected 
areas  caused  by  scouring 
that  can  result  in 
Kccssive  corrosion 


1.  Visual 


a tibl  Diver  Inspections  I 1.  Identifies  unprotected  1.  »i*ua1_  

¥TTrT?em?OT^ter  _ areas  caused  by  scouringj  2. 

^vTce  U>rrw»IW»l  v 

(Diver  uses  hand  hel  3,  Bottom  topography  nent 

hose  to  probe  bottom 

surface  around  the 

OTS  component.  Airis 

inserted  into  the 

hose  froei  diver  suppi  f 

ship.  A gage  on  the 

supply  ship  1$  used 

to  letasure  pressure 

of  the  hose  line  in 

feet  of  sea  water  to 

determine  bottom 

surface  depth .) 

A 1(c)  rontinuous  Monitorin  i 1.  Continuous  scour  1.  Scour  resolution  to 

n^TKp'diSSrrfXin  I monitoring  within  a foot 

for  meth^s  and 
reference  30  for  dis 
cusslon  of  methods) 


1.  Provides  excellent 
incipient  failure 
detection 

2.  Fast  inspection 

3.  Covers  wide  area 

4.  Low  cost 

5.  Coeniercial  systems 

or  services  available 


1.  Requires  skilled  inter- 
pretation of  data 


1.  Covers  up  to  about  1/2 
mile  per  day 

2.  Can  be  used  in  turbid 
water 

3.  Provides  visual 
inspection  by  diver 

4.  Particularly  useful  for 
new  pipelines 

5.  Excellent  incipient 
failure  detection 

6.  Inspection  services 
available 

1 . Same  as  for  6.2(a) 
except  item  6 

2.  Diver  can  leave  a 
locatino  transponder  at 
an  area  where  pipe  needs 
repair.  This  allows  easy 
location  for  later 
repairs 


1.  $iii«>le 

2.  Low  cost 

3.  Some  incipient  failure 
detection 

1.  Simple 

2.  Low  cost 

3.  Some  indolent 
failure  detection 


1 . High  cost 

2.  Currently  limited  to  about  20 
meters  of  water  depth 


1.  High  cost 

2.  Development  stage 


1.  Visual  only  and  subject  to 
interpretation 

2.  Cannot  find  scour  areas  that 
my  be  covered  up  by  current 
after  storm 

1 . Cannot  find  scour  areas  that 
may  weakan  structure  but  may 
be  covered  up  after  storei 


1 . Detect  scour  areas  that 
mav  weaken  structure  but 
mav  be  covered  up  by  ttor 

2.  Continuous  monitoring 

3.  Especially  useful  in 
demo  water  where  diver  i 
or  submersible  vehicle  I 
Inspections  are  costly 

4.  Good  incipient  failure 

detection  i 


hedliir  cost 

Hot  particularly  advantageous 
at  short  denthsli.e.B  SOmaters) 
from  a cost  consideration 
Systems  require  development 
and  enqineerino  deslon 
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INSPECTION  METHOD 


7.0  OTS  CONTROL 
7.1(i)  Pressure-Static 


inteorlty  when  a line 
segment  Is  shut  down. 
Pressurize  line  at  a 
nominal  operating 
pressure  and  monitors 
pressure  for  any 
pressure  drop.) 


7.1(b)  Pressure  Deviation 


DEFECT  MEASURED 


1.  Oil  leeks 


1.  Oil  leaks 


(Voltme  comparison 
based  on  time  intervals 
of  several  minutes 
duration  to  check 
metered  barrels  into 
pipeline  against 
metered  volume  out. 
Comparison  of  voliane 
measurements  typically 
occurs  over  hourly 
periods. ) 


1.  Oil  leaks 


7.2  Flow  Rate  C 


1.  Oil  leaks 


ow  rate  measurements 
at  each  end  of  the  OTS 
system  are  compared. 
Large  differences  in 
measurement  indicate 
possibility  of  leakage.) 


7.3  Mathematical  Hodelin 


X Accurac 


■Eli? 


modeling  OTS  pipeline  or 
hose  string  system 
(components,  sizes, 
materials,  etc.)  and  flow 
characteristics  (temp., 
pressure,  viscosity,  etc.) 
to  optimize  leak  sensi- 
tivity.) 


1.  Oil  leaks 


7.4  Negative  Sur 


rge  Ruptur*  typ«  !*•« 
ciuscs  negative  pressure 
Mtve  along  OTS  pipeline 
that  can  be  detected  and 
located. ) 


I.  Oil  leakage 


t-1  (CMtIwed) 


3®IS PAOa  IS  B£S1'  QUALITY  yisAvX. 
mm  .POPY  ZPRUIShia  TO  oiiO 


8.1  Passive  Acoustic  1 

jTrrav-Leaks 

(Array  of  acoustic  trans- 
ducers permanently  in- 
stalled on  OTS  compo- 
nent to  detect  and  locate 
leak  from  sounds  emitted  at 
the  source  of  a leak.  i 
Method  can  be  used  for  I 
pipelines,  hoses,  valves. 


Oil  or  gas  leaks- 
detection  and  location 


1.  Medium  oil  leaks 

2.  Less  sensitive  than 
hydrostatic  pressure 
difference  method 


1 . Major  oil  leaks 


1.  Nediun  or  major  oil 
leaks 

2.  Large  leaks  over  a 
short  period  of  time 
and  smII  leaks  over  a 
long  period  of  time 


1 . Low  cost 

2.  Simple 

3.  Good  incipient  failure 
detection 

I.  Coanonly  used  method 
S.  Comnercially  available 


I . Low  cost 
. Siaple 
. Coiinonly  used 
. CoMercially  available 
. Some  incipient  failure 
detection  for  hose  strings. 


Simple 

Commercially  available 
Continuous  inspection 


1.  Major  oil  spills 


1.  Simple 

2.  Detects  catastrophic 
failure 

3.  Coevnercially  available 

4.  Commonly  used 

5.  Continuous  inspection 


1.  Detects  leaks  *0.11  of  M • Low  cost 


actual  flow  rate 

2.  Small  to  medium  leaks 

3.  Detects  leaks  when 
flow  reaches  flow 
meters 


1.  Leakage  > 600  barrels 
per  hour 

2.  Leak  location  within  2 
miles 


2.  Computerized  data  reduction 

3.  Good  incipient  failure 
detection 

4.  Provides  leak  detection 
improvements  over  con- 
ventional hydrostatic 
pressure  tests 

5.  Can  be  used  in  conjunction 
with  supervisory  control 
systems 

6.  Requires  only  repeatable 
rather  than  high  accuracy 
flow  meter 

7.  CoRvnercially  available 

6.  Continuous  inspection 

1.  Continuous  Inspection 

2.  Coemercially  available 

3.  Supplements  other  methods 
(7.2  and  7.3) 


1.  Depends  on  material, 

OTS  component  struc- 
ture trar*sducer 
spacing,  etc.  3. 

2.  Potentially  can  detecta 
small,  slow  leak  (i.t.,  4. 
few  barrels  per  hour) 

and  locate  the  leak 
within  a few  feet 

3.  Sensitivity  Increased 
with  application  of 
higher  test  pressures 
or  a test  gas. 


1.  Requires  leak  detection 
method  if  leaks  are 
monitored. 

2.  Variations  in  temperature, 
hose  string  movements,  etc. 
limit  sensitivity  of  leak 
inspection. 

3.  Difficult  to  detect  slow 
leaks. 

1.  Catastrophic  failure  only 


. Detects  leaks  after  they 
occur 

. Difficult  to  detect  slow 
leaks  that  over  a period 
of  time  may  result  in  a 
major  oil  spill 

. Cannot  detect  a catastrophic 
failure  in  sufficient  time 
to  prevent  major  oil  spill 

. Tendency  by  operators  to 
raise  set-points  to  reduce  false 
alarms  because  of  line  pack 
and  other  considerations 

. Detects  leak  only  once  per 
hour  for  most  coamonly 
used  systems 

. Medium  cost 

1 . No  incipient  failure 
detection 

2.  Usually  used  only  from 
pumping  platform  to  onshore 
termi nal 

3.  Tendency  by  operators  to 

raise  set-points  to  reduce  false 
alarms  and  thus  decrease 
leak  sensitivity 

1. Medlian  cost  if  transducers 
must  be  added  to  existing 
supervisory  control  system 

2.  May  require  trained 
personnel  to  properly 
interpret  data  or  maintain 
systems 


Simple 

Excellent  incipient 
failure  detection 
Requires  little  or  no 
Interpretation  by  personnel 
Comouterized,  automated 
system  can  be  adapted  to 
existing  OTS  control 
system 

Can  be  used  underwater 
Can  be  used  during  normal 
OTS  operations 
Permanent  records 
Can  be  weed  in  all  kinds 
of  weather  and  in  darkness 


P4edium  cost 
System  in  development/ 
engineering  phase 
Reliability  and  performance 
specifications  are 
uncertain,  DWP  testing 
required. 
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(Array  of  acoustic  trans- 
iyctrs  Installed  on  OTS 
components  to  detect  and 
locate  repetitive  acoustic 
ealsslon  sounds  oenerated 
at  the  source  of  the 
flawed  Mterlal  that  Is 
under  stress  or  under 
Impact.  Can  be  used  on  j 

hose  string,  pipeline, 
uaivts.  etc.) 


1.3  Passive  Acoustic 
Machinery  Dain^ 

(Acoustic  transducers  i 

held  or  permanently  In-  | 

stalled  on  machinery  detec 
abnormal  sounds  emitted whi 
•Internal  defects  start  to 
occur  In  machinery.  Strain 
transducers  or  accelero- 
meters can  also  be  used  foi 
this  detection.  System 
usually  provide  continuous 
monitoring  and  alarmsj 

8.4  Strain  Gaged  Mooring 
Loa^hbnltor 

(Continuous  monitoring  of 
mooring  loads  at  SPti  ouoy 
using  strain  gaged  load 
cells.  Provides  continuous 
recorditigs  and  alarm  for 
excessive  loading  and  ship 
ireakout) 

User  Dettction-l’^* 


(A  laser  system  would  b 
mounted  on  an  underwate 
pIpeHne  or  hose  string 
The  laser  Is  aimed  par* 
allel  to  the  pipe  or 
hose  to  a detector 
mounted  further  away. 
Light  transmittance 
would  decrease  with  oil 
escaping.  Thus  a leek 
can  be  detected) 

8.5(b)  laser  Detection-Above 
Hater  Oil  Leaks 


lOCFEn  ICASM£0 


1.  Material  defects 

2.  External  Impacts  such  as 
from  anchor  dragging 

3.  Valve  damage 

4.  Mooring  system  failure 


Internal  defects  In 
machinery 
8eer1fig  damage 
Valve  <— ai 


Excessive  loads 
Mooring  line  failure 
Mooring  line  load 
history 


1.  011  leaks 


1.  011  leaks 


(A  shroud  Is  placed 
above  or  around  pipe- 
line, hose  or  other  OTS 
component  to  colltct  oil 
from  a laak.  A special 
continuous  coaxial 
cebla  would  have  breaks 
In  the  outer  cover  which 
would  be  bridged  by  salt 
water.  An  electromagnetic 
pulse  would  be  sent  down 
the  cable  and  would  pass 
through  eotire  length  of 
cable  and,  with  a short 
circuit  alectrical  termi- 
nations. would  be  reflecte* 
back  (Inverted)  to  the 
tending  end.  An  oil  leak 
would  causa  the  reflected 
wave  to  be  sent  back  nen- 
Inverted.) 


1.  Depends  on  material. 
OTS  coagwnent  struc- 
ture. transducer 
spacing,  etc. 

2.  Can  detect  and  locate 
internal  flows  that 
are  growing  and  prior 
to  cetastrophic 
failure 

3.  Sensitivity  Increased 
with  application  of 
ttrettas  higher  than 
noHMlly  used 


1.  Excellent  Incipient  fallurel. 
detection 

2.  Co^>uter1zed  automatic 
system  can  be  adopted  to 
existing  OTS  control 

3.  Commercial  system  for 
periodic  proof  testing  of  2. 
tanks,  pressure  vessels.  3. 
etc.  are  available 

4.  Can  be  used  underwater 

5.  Can  be  used  during  normal 
OTS  operations 

6.  Permanent  records 

7.  Can  be  used  at  all  times 


1.  Conerclal  system 
available 

2.  Good  Incipient  failure 
detection 

3.  Reduces  machinery  mainte- 
nance cost 

4.  Permanent  records 

5.  Continuous  monitoring 


1 . Approximately  St  of 
mooring  system  loads 


1.  Depends  on  laser 
source  and  power, 
detector  sensitivity 
snd  traverse 

2.  Minor  spill  sensi- 
tivity expecUd 


1 . Not  effected  by  weather 

2.  Excellent  Incipient 
failure  detection 

3.  Permanent  records 

4.  Comaerclally  available 

5.  Provides  history  of 
mooring  loads 

6.  Continuous  monitoring 

17.  Detects  ship  breakout 
1.  Some  Incipient  failure 
Oetoction 

2.  Continuous  monltorino 


1.  Depends  on  laser  source  1.  Can  be  used  above  water, 

and  power,  detector  on  shore,  on  olatform  or 

sensitivity  and  tra-  on  deck  of  shlo 

verse  2.  Continuous  monltorino 

2.  Minor  or  medium  spill 
sensitivity  expected 


1.  Minor  spills 

2.  Minute  leeks  can  be 
detected  and  then 
located  within  a few 

feet 


1.  Simple 

2.  Can  be  used  with  OTS 
control  system 

3.  Continuous  monltorino 

4.  Good  Incipient  failure 
detection 


Incipient  failure  data  subject 
to  Interpretation  as  to  the 
severity  of  defect  but  system 
does  provide  defect  location 
for  further  Inspections  by  other 
means 

Medium  cost 

Reliability  and  performance 
specifications  for  hose  string  I 
application  are  uncertain.  I 


uata  subject  to  Interoretatlon 
as  to  the  severHy  of  Internal 
defect  but  systems  typically 
give  adequate  warning  before 
a failure  can  occur. 


1.  Medium  cost 

2.  Reliability  and  performance 
are  uncertain  under  DUP 
environment 


1.  Feasibility  stage  for  undenNter 

2.  Nigh  cost 

3.  Environment  that  the  equipment 
Is  subjected  to  rimkes  practical 
application  difficult  at  best 

4.  Detects  leaks  only  after  they 
occurs 

5.  Requires  highly  trained  personnel 


1.  Hiqh  cost 

2.  Requires  trained  personnel 

3.  Affected  bv  bad  weather 

4.  Detects  leaks  only  after  they 
occur  and  oil  rises  to  the 
surface 

5.  Developmental/enalneerlno 
staae  for  DHP  usaoe 

1 . Unproven  at  DWP 

2.  Reliability  uncertain 

3.  Detects  leaks  after  they  occur 

4.  Medium  cost 
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iNSKaiON  NrnioD 

OCFECT  MEASURED 

SENSITIVITY 

ADVANTAGES 

OISAOVMfTAfiES 

. 

(11) 

1.7  Double  Welled  Pipe 

1.  on  leeks 

1.  Sail I or  elnor  leeks 

1.  SInple 

1.  Very  high  cost 

TKtOulres  double  welled 

1.  Mere  sensitive  than 

2.  Excellent  Incipient 

pipe  with  the  one  trene- 

eny  other  ecthod  for 

failure  detecHon 

ftrring  fluid  to  b« 

pipelines 

3.  Continuous  Inspection 

conttrtd  Inside  the  other. 

4.  Contains  the  leaked  oil 

A variety  of  adequate  oil 

thus  preventing  spill 

detectors  could  be 

5.  Cost  effective  for  short 

Installed  on  the  Inside 

sections  of  piping  locates 

of  the  outer  pipe  to 
detect  leeks  frea  the 

Inner  pipe . ) 

et  potentlel  leek  erees 

t.8  Double  Walled  Hose 

1.  on  leeks 

1.  Saell  or  elnor  leeks 

I.  Single 

1.  Reliability  uncertain  because 

2,  Excellent  Incipient 

damage  to  the  outer  cover  may 

hose  with  the  one  trees- 

failure  detection 

allow  leaks  rather  than  bulging 

ferrlng  fluid  as  the  fnslda 

3.  Coeaerclelly  evelleble 

of  the  outer  cover 

hose.  Leaks  of  the  Inner 

for  some  sections  of  the 

2.  High  cost 

hose  cause  the  outer  more 

hose  string 

3.  Damage  of  the  Inner  host  can 
occur  and  cannot  be  detects 

elastic  hose  wall  to  expand 

4.  Contains  the  leaked  oil 

and  bulge.  This  can  easily 

thus  preventing  small 

by  visuol  Inspection 

be  seen  by  visual  Inspec- 
tion) 

oil  spills 

4.  Hosts  stiff 

S.f  External  Load 

1 . Internal  flews 

1.  Require  visual  In- 

1.  Simple 

1.  Nedltmi  cost 

(Apply  exteniel  test 

2.  Dieagc  not  visible 

spcctlon  or  other 

2.  Some  Incipient  failure 

loads  to  various  OTS 

Inspection  method  to 

detection 

coaponents-eD.  chiles. 

detect  end  locete 

3.  Can  be  used  to  calibrate 

kenurs,  etc.) 

flews 

other  Inspection  systams 

(36) 

.A 

8.10(a)  Seal  Leak  Detector 

1.  Gas  leaks 

1.  10  scc/$  for 

1.  Slsale 

1.  Roquiret  out-of-servIce  Iwpac- 

Thermistor  Type 

nitrogen  ges 

2.  Low  cost 

tion 

(Portable  heated 

3.  Good  Incipient  failure 

2.  Developmental /engInetriM  attfi 

3.  Has  not  been  developed  fvr 

thermistor  device 

detection 

senses  gas  leaks 
through  a seal  that 

undemater  use 

Is  placed  over  test 
area.  Thermistor  exhib- 

its  large  changes  In 
resistance  with  small 

changes  In  temperature 
caused  by  the  leaking 
gas.  Method  can  be  used 
for  tanks. pipelines, 
hoses  and  other  OTS 

components . ) 

8.10(b)  Seel  Leek  Detector- 

1 . Air  or  liquid  leaks 

1.  Very  small  seal  leaks 

1.  Simple 

Inside  pipe  or  hose 

2.  Low  cost 

Inspection 

(End  element  tubes 

string  seals 

3.  Can  potentially  be  used 

2.  May  need  same  development  fbr 

wrapped  around  a cylin- 

to  check  leaks  In  flange 

DUP  utsge 

drical  fixture  are  posi- 

seals  of  hose  strings 

tioned  on  each  side  of 

4.  Coanerclally  available 

a joint  and  pressurized 

5.  Good  Incipient  failure 

to  provide  a good  seal. 
Then  area  In  between  the 

tubes  Is  pressurized  and 
this  pressure  Is  moni- 
tored with  a gage.  De- 
crease In  gage  pressure 
will  indicate  leak) 

pressurize  lines 

8.10(c}  Seal  Leak  Detector 

1.  Oil,  gas  or  water  leaks 

1.  Better  than  10*^ 

1.  Simple 

1.  Roqulres  detsctor  to  bo 

In  flanges  and  other 

scc/s 

2.  Low  cost 

designed  es  pert  of  the  OTS 

(Insulated  capacitive 

types  of  seals 

3.  Good  Incipient  fellure 

component 

material  Is  placed 

detection 

2.  Hes  not  been  tested  for  8M8 

Inside  two  connecting 

4.  Coammrclally  available 

environment 

flanges  that  contain  a 
seal.  Air  or  water 

5.  Continuous  monitoring 

leaks  change  capacitance 
and  impedance  of  the 
capacitive  material ) 

I 
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l.n  LlQM<d  Itytl  Stntor 


[OiUcts  Itvti  of  liquid 
In  uiiki.  piqloq.  otc. 
using  sny  out  of  asny 
svsliiblt  Mthods- 
vUrssoAlc,  optics). 
■IcrMvo.  MiclMr. 

Istor 


ct  ins 
Owtsitfo  Slid  ilong  ttio 
pipo.  01)  looks  chsnpt 
ilM  proportlos  of  tho 

COOtlllllOUS  tiHfVittor- 

^ppo  oiilo.) 


MSOLUKOUS  METHODS 

I Kydrocsrbon  Prate 

(falFforT  

(Hydrocarbon  prote  Is 
4ntUl)od  In  towfish 
ote  toMOd  a foH  «tors 
otevt  teo  plp»9iot*  f*robo 
dotacts  hydrocarbons  froa 
oil  )oaks.  A prassurt 
stnsor  in  towfish 
aaasuras  dopth.) 


9.2  Lasar  Holography 
TWTa^a  to  ba  Inspoctad 
Is  Irradiated  with  laser 
and  high  resofutfon  film  i 
Is  exposed  by  laser  light  I 
reflected  fron  surface  . 
Developed  flln  produces 

a 3-d1«ans1onal  hologram. 
If  surface  undergoes  a 
topographical  change  , 
another  exposure  Is  made 
on  the  same  film  and 
minute  changes  In  tope* 
graphy  can  be  recorded. 
Changes  can  be  detected 
by  fringe  patterns 
shown  in  holographic 
reconstruction. ) 

(37) 

9.3  yqnetic  Chip 
^Installed  on  machinery 
and  periodically 
examined  . ) 


1.  011  Iteels 

2.  011  leaks  Into  con« 
Uintrs 


T.  Off  iMks 


1.  01)  leaks  in  pipeline 

2.  011  that  way  settle  on 
tte  tettom 


1.  Small  topographical 
changes 


1 . ttavelength  of  laser 
light 


1.  Internal  defects  In 
machinery 

2.  Bearing  damage 


9.4  011  Odor 


9.5  ^her  Methods 

(other  miscellaneous 
methods  with  limited 
application  - see 
dooendix  B.g.S.) 


1.  011  Leaks 


1 . Small  leaks 


1.  Simple 

2.  Low  cost 

3.  Some  Incipient  failure 
detection 

4.  Coawrclally  available 

5.  Continuous  monitoring 


1.  Continuous  monitoring 


1.  Medium  Cost 

2.  fmasiblHty  stage  for  OMP  use 


1.  5 X 10  ml  gas  per 

ml  water 


1.  Simple 

2.  Low  cost 

3.  CoMwrcially  available 

4.  Good  incipient  failure 
detection 

5.  Provides  continuoui 
record 


1.  Coavrclally  available 

2.  Some  Incipient  failure 
detection  for  hoses 


tedllfll  tP  Mob  CMt 
Requires  trained  pgragmiil 
Very  difficult  to  Impldtemt 
for  use  on  OHP  Installed  OTS 
components 

Verv  limited  Intoectimn  um 


1.  Simple 

2.  Low  cost 

3.  Coammrclally  available 

4.  Semr  Incipient  failure 
detection 

5.  Reduces  machinery 
maintenance  costs 

6.  Continuous  monitoring 

1.  SlHple 

2.  Con  be  used  In  darkness 
or  In  bad  weather 

3.  Good  Incipient  failure 
detection 


1 . Subject  to  \personnel  error 

2.  Hinds  may  cause  oil  odor  not 
to  be  detected 

3.  Not  quantitative 


The  diver  inspections  identified  in  Table  3-1  will  be 
carried  out  by  qualified  divers  and  necessary  support  personnel  using 
the  following  general  inspection  procedures: 

(1)  Inspection  surveys  will  be  recorded  by  videotape, 
photographs  or  other  equivalent  techniques  and  a 
written  report  submitted; 

(2)  Extent  and  nature  of  marine  growth  will  be  recorded; 

(3)  High  pressure  cleaning,  wire  brushing,  etc.,  will  be 
performed  on  all  underwater  components  prior  to  visual 
inspection; 

(4)  Tankers  shall  not  be  moored  to  buoy  and  calm  sea  state  must 
be  forecast  to  48  hours  unless  indicated  otherwise; 

(5)  A diving  platform  may  be  required  during  certain  sea 
states  in  the  Gulf  of  Mexico; 

(6)  All  U.S.  diving  regulations  and  other  complimentary  regulations 
will  be  followed  (for  example  see  References  38,  39,  40). 

Appendix  B.1.3  provides  more  detailed  information  on  diver  inspection 
procedures. 

3.2  HOSE  STRING,  MOORING  SYSTEM  AND  SHIPBOARD  CONNECTIONS 

Hose  string,  mooring  system  and  shipboard  connections 
for  hypothetical  deepwater  ports  are  shown  in  Figures  3-1  and  3-2  for 
Single  Anchor  Leg  Mooring  and  Cantenary  Anchor  Leg  Mooring 
systems.  Table  3-2  identifies  potential  inspection  methods  that  can 
be  used  for  inspecting  the  basic  components  that  are  generally  used 
for  these  three  OTS  subsystems.  Inspection  methods  for  conditions 
when  a ship  is  either  offloading  or  moored  to  the  buoy  are  included 
for  both  the  hose  string  and  mooring  system. 

3.3  UNDERSEA  PIPELINES 

Potential  inspection  methods  for  detection  of  the  failure 
modes  of  OTS  undersea  pipelines  are  given  in  Table  3-3.  The  effec- 
tiveness of  the  inspection  methods  depends  upon  a number  of  considerations 
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such  as  the  type  and  size  of  pipeline,  pipeline  location,  pipeline 
depth  below  the  surface,  environmental  conditions,  pipeline  age 
and  the  type  of  oil  transported  in  the  pipeline.  The  inspection 
methods  given  in  Table  3-2  may  be  extremely  beneficial  for  some  pipe- 
lines but  not  for  others.  Older  pipelines  may  require  more  inspections 
for  corrosion  while  newer  pipelines  may  require  inspections  of  welds 
or  more  frequent  inspections  of  potential  bare  spots,  overburden  or 
mapping  of  the  pipeline. 

3.4  SALM-SPM  INSPECTION  METHODS 

Potential  inspection  methods  for  the  major  OTS  components 
of  a hypothetical  SALM  single  point  mooring  system  are  given  in 
Table  3-4.  The  major  OTS  components  include  the  mooring  buoy, 
fluid  swivel,  hose  arm,  riser  shaft,  pipeline  and  manifold  (PLEM) 
and  mooring  base.  Figures  3-1  and  3-3  show  the  general  arrangement  of 
the  SALM.  A typical  fluid  swivel  assembly  is  given  in  Figure  3-4. 

3.5  CALM-SPM  INSPECTION  METHODS 

Potential  inspection  methods  for  the  major  OTS  components 
of  a hypothetical  CALM  single  point  mooring  system  are  given  in  Table 
3-5.  The  major  OTS  components  include  the  mooring  buoy, 
underbuoy  hose  string,  PLEM,  PLEM  anchor  base  and  chain  anchor. 

Figure  3-2  shows  the  general  arrangement  of  the  CALM.  The  general 
arrangement  of  the  buoy  is  shown  in  Figure  3-5.  A typical  product 
distribution  unit  is  shown  in  Figure  3-6  and  the  PLEM  is  shown  in 
Figure  3-7. 
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FIGURE  3-3  GENERAL  ARRANGEMENT  OF  SALM 
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FIGURE  3-4  FLUID  SWIVEL  ASSEMBLIES  FOR  A SINGLE  ANCHOR 
LEG  MOORING,  CUT-AWAY  VIEW 
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3.6  OFFSHORE  PLATFORM  AND  THE  PUMPING  AND  METERING  SYSTEMS 

Potential  inspection  methods  for  the  major  OTS  components 
of  the  offshore  platform  and  the  pumping  and  metering  systems  are 
given  in  Table  3-6.  The  major  OTS  components  include  the 
platform  support,  ship  navigational  aid,  fire  protection  system, 
waste  disposal  system  (see  Figure  3-8),  components  upstream  from  the  pumps, 
pump  section  and  components  downstream  from  the  pumps,  as  shown 
in  Figure  3-9. 
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FIGURE  3-8  WASTE  DISPOSAL  SYSTEM 


FIGURE  3-9  PUMPING  PLATFORM  SCHEMATIC 
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3.7  ONSHORE  PIPELINE  AND  APPURTENANCES 

The  onshore  pipeline  inspection  methods  are  given  in  Table  i 

3-7  for  both  the  underground  and  aboveground  pipelines.  These  methods  j 

are  essentially  the  same  as  those  of  the  undersea  pipelines  except  \ 

that  underwater  survey  inspections  are  not  required.  Onshore  booster  1 

station  inspection  methods  also  shown  in  Table  3-7  are  essentially  the  ’ 

same  as  for  similar  OTS  components  on  the  pumping  platform.  ' 

3.8  ONSHORE  STORAGE  TERMINAL 

Potential  inspection  methods  for  the  onshore  storage  terminal 
are  given  in  Table  3-8.  The  methods  are  given  under  the  assumption  that 
an  oil  spill  prevention  countermeasure  and  control  (SPCC)  program  (Reference  41) 
is  required  for  the  onshore  oil  storage  facility  and  a secondary  containment 
system  would  be  used  both  for  the  storage  facility  and  the  booster  pump  station. 

Newly  designed  and  built  facilities  usually  incorporate  such  containment  systems. 
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Ldjend  - • Potmtiil  Nithod;  aHithod  S«ltct#d  for  Cost-Effective  Analysis  in  Section  4.4 

Nithods  thOMn  for  Nojor  Coapononts  (l.t.  Floating  Hose  String)  Provide  Inspection  for  the  Component  As  a Whole 


4.0  COST  EFFECTIVENESS  OF  INSPECTION  METHODS 


Inspection  methods,  which  appear  to  have  the  best  potential 
of  those  identified  in  Section  3 for  a hypothetical  deepwater  port 
(a  composite  of  SEADOCK  and  LOOP  and  described  in  Section  2.4  Reference 
and  shown  in  Figure  4-1),  were  selected  for  further  evaluation  in  this 
section.  The  primary  evaluation  consisted  of  weighing  the  cost  of  utilizing 
the  inspection  method  versus  the  amount  of  reduced  risk  of  oil  spills, 
cos'^-effectiveness.  The  specific  areas  included  in  the  cost-effecti- 
veness analysis  were; 

1)  Effectiveness,  estimation  of  achievable  risk  reduction; 

2)  Cost  of  inspection  and  procedure; 

3)  Measure  of  cost-effectiveness  of  inspections; 

4)  Cost  and  effectiveness  of  component  replacement; 

5)  Optimization  of  inspections  and  replacement  intervals. 

The  effectiveness  of  inspection  methods  was  measured,  pri- 
marily, in  terms  of  the  reduced  risk  of  oil  spills,  barrels/year. 

The  evaluation  proceeded  by  estimating  the  reduction  of  oil  spill  risk 
for  each  OTS  component  through  application  of  each  selected  inspection 
method.  This  factor  the  was  applied  to  the  oil  spill  risk  existing 
without  inspection,  from  Table  3-14  in  Reference  1,  to  calculate  the 
annual  barrels  of  oil  not  spilled.  The  factors  considered  in  making 
these  estimates  are  discussed  in  Section  4.1.  The  results  of  the 
estimates  of  effectiveness  are  presented  in  Section  4.4  for  each  of  the 
major  subsystems  of  the  OTS. 

The  cost  of  each  inspection  method  and  procedure  was  esti- 
mated based  on  consideration  of  the  factors  discussed  in  Section  4.2. 

These  factors  included  the  cost  of  special  equipment  needed,  manpower 
and  downtime  of  the  deepwater  port.  The  cost  estimates  are  presented 
in  Section  4.4  along  with  the  estimates  of  effectiveness. 

The  measure  of  cost-effectiveness  was  calculated  as  the 
ratio  of  barrels  of  oil  not  spilled  per  year  to  the  inspection  cost 
per  year.  These  values  also  are  tabulated  in  Section  4.4. 
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FIGURE  4-1  SKETCH  OF  OIL  TRANSFER  SYSTEM 


I 


21  miles  ^ I ^ 22  miles 


This  measure  was  not  the  only  factor  used  to  recommend  an 
inspection  method  or  procedure.  Another  important  consideration  was 
the  alternative  replacement  of  the  component.  Its  cost-effectiveness 
was  estimated  in  a manner  similar  to  that  used  for  inspection  methods, 
and  the  results  also  are  presented  in  Section  4.4. 

In  addition,  the  frequency  of  inspections  or  replacements 
provides  the  flexibility  for  achieving  the  maximum  ratio  of  reduced 
oil  spilled  to  cost.  This  optimization  also  included  consideration  of 
backup  and  alternate  inspection  techniques  and  achieving  a cost  savings 
by  applying  the  same  inspection  method  to  as  much  of  the  OTS  as  possible. 
The  results  of  this  optimization  are  included  in  the  recommendations  made 
in  Section  5.0. 
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Finally,  there  still  were  other  criteria  used  for  recommend- 
ing an  inspection  method  in  Section  5.0.  These  are  discussed  in 
Section  4.3.  One  of  these  is  that  a currently  achieved,  low-risk  of 
oil  spills  from  a subsystem  of  the  OTS  may  be  the  result  of  currently 
used  inspection  methods.  The  continued  use  of  these  methods  is 
recommended . 


4.1  EFFECTIVENESS  EVALUATION  METHODOLOGY 


4.1.1  Effectiveness  Measured  by  Risk  Reduction 

The  risk  of  oil  spills  is  composed  of  two  parts:  the  prob- 
ability or  frequency  of  a spill  and  the  quantity  of  oil  spilled.  As 
mentioned  in  Section  2.3,  some  inspection  techniques  would  be  directed 
at  reducing  the  frequency  of  spills  whereas  others  would  be  directed 
at  the  early  detection  of  spills  in  order  to  limit  the  amount  spilled. 
Thus,  one  quantitative  basis  for  judging  the  effectiveness  of  an  in- 
spection technique  is  the  extent  it  can  reduce  frequency  or  limit 
the  quantity  of  oil  spilled. 


However,  there  is  another  factor  that  must  be  considered. 
This  is  the  level  of  oil  spill  risk  that  already  exists  or  is  inherent 
in  the  OTS.  This  was  evaluated  in  the  first  phase  of  this  study. 
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(Reference  1).  A summary  of  the  results  of  the  study  of  the  relative 
risk  of  oil  spills  from  the  OTS  is  given  in  Table  3-14  of  Reference  1 
and  is  repeated  in  this  report,  for  convenience,  in  Table  4-1. 

It  was  found  that  in  some  cases  the  risk  of  oil  spills  is  high,  e.g.,  the 
floating  hose  strings  or  the  buried  underground  or  underwater  pipeline.  In 
others,  the  risk  was  low,  e.g.,  spills  from  the  pumping  platform.  Thus 
from  a systems  point-of-view,  inspection  of  the  hose  strings  poten- 
tially can  effect  a greater  reduction  of  oil  spill  risk  than  can  a 
comparable  inspection  for  the  piping  and  pumps  on  the  platform. 

The  quantitative  estimation  of  the  reduction  of  oil  spill 
risk  achievable  by  an  inspection  technique  was  based  in  part  on  the 
failure  mode  affected  and  in  part  on  engineering  judgment.  The  extent 
to  which  a given  failure  mode  contributes  to  oil  spill  risk  was  de- 
veloped in  the  preceding  safety  analysis  and  is  indicated  in  the 
fault  trees  and  Tables  3-14  and  4-1  of  Reference  1.  Thus  100  percent 
effective  inspections  of  the  mooring  systems,  especially  the  mooring 
hawsers  of  an  SPM,  could  substantially  eliminate  ship  breakout. 

For  six  SPMs  at  a deepwater  port,  this  could  eliminate  one  of 
major  risks  of  oil  spills.  Ship  breakout  is  not  a frequent 
occurrence  during  the  operation  of  an  SPM,  but  if  this  does 
occur  the  rupture  of  a hose  and  major  oil  spill  could  result.  As  an- 
other example,  leaks  from  gaskets  and  seals  of  the  oil  piping  of  the  SPM 
are  expected  to  be  2 to  3 times  more  frequent  than  ship  breakout,  but  the 
risk  is  less  because  of  the  smaller  amounts  expected  to  be  spilled. 

The  ability  of  an  inspection  technique  to  limit  the  size 
or  to  eliminate  the  cause  of  a spill  was  based  on  engineering  judgment. 

In  making  this  judgment  several  factors  were  considered:  frequency  of 
the  inspection,  reliability  and  sensitivity.  These  factors  are 
discussed  in  subsequent  subsections. 

4.1.2  Comparison  of  Exsitinq  and  New  Methods  for  Optimum 

Alternate  or  Backup  Use 

For  detection  of  a specific  failure  in  many  components  of 
the  OTS  subsystem,  a number  of  new  or  alternative  inspection  methods 
are  available  in  addition  to  the  generally  used  existing  methods. 
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TABLE  4-1  RELATIVE  RISK  OF  OIL  SPILLS  FROM  THE  OIL  TRANSFER  SYSTEM 


SOURCE  AND  NODE 

FREQUENCY 
(Per  Yr) 

SPILL  SIZE* 

NOMINAL 

SIZE 

(bbis) 

RISK 

(bbis/yr) 

SHIP 

0.14 

Minor,  Medlian 

333 

47 

HOSE  STRINGS  NOT  DURING 
OFFLOADING 

Leaks 

Rupture 

0.24 

0.09 

Minor 

Minor,  Medium 

15 

1,500 

3.5 

135 

HOSE  STRINGS  DURING 
OFFLOADING 

Leaks 

Rupture 

13 

0.6 

Minor 

Minor,  Medium 
Major 

25 

4,800 

310 

2,880 

SPM  UNIT  CALM 

Leaks 

Rupture 

2.65 

0.15 

Minor 

Minor,  Medium 
Ma.ior 

25 

5,000 

66 

750 

SPM  UNIT  SALM 

Leak 

1.2 

Minor 

25 

30 

SPM  PIPELINE  DURING 
OFFLOADING 

Leaks 

Rupture 

9.0  X 10'^ 
3.8  X 10*^ 

Minor,  Medium 

Minor,  Medium 
Major 

2,000 

26,800 

0.  9 

10 

SPM.  PIPELINE  NOT  DURING 
OFFLOADING 

Leaks 

Rupture 

2.5  X 10'^ 

1.6  X 10*^ 

Minor 

Minor,  Medium 
Major 

< 1 (Seep) 
21,000 

< 1 

26 

PUMPING  PLATFORM 

OTS  and  Waste 

System  Falls 

Waste  System  Leaks 
Damage  to  Platform 

7.9  X 10‘® 
8.8  X 10'® 

3 X 10'^ 

Minor 

Minor 

Minor,  Medium, 
Major 

50 

50 

4,000 

4 X 10"^ 

4 X 10'^ 

1.2 

PLATFORM  TO  SHORE 

PIPELINE 

Leaks  (During  Pumping) 
Rupture 

0.034 

0.001 

Minor,  Medium 

Minor,  Medium 
Major 

1,000 

100,000 

34 

1,000 

ON^RE  PIPELINE 

Leaks  (During  Pumping) 
Rupture 

0.032 

0.01 

Minor,  Medium 
Minor,  Medium 
Major 

1,000 

100,000 

32 

1,000 

SPILL  FROM  ONSHORE 

FACILITY 

Leaks 

3 X 10‘® 

Minor,  Medium 

1,000 

0.03 

MOTE:*  Minor  Spill,  < 10.000  gal  (238  barrels);  Medium  Spill, 
Major  Spill,  >100.000  gal  (2380  barrels). 
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10,000  to  100,000  9*1 ; 


All  of  these  suitable  methods  were  evaluated  based  on  sensitivity, 

cost,  reliability,  etc.,  and  the  optimum  one  selected.  However,  a 

selected  method  may  not  be  optimum  in  certain  circumstances,  such  as  ! 

bad  weather  conditions,  and  an  alternate  method  was  recommended.  | 

For  example,  ultrasonic— imaging  inspection  by  a diver  of  the  PLEM 

piping  may  be  the  best  method,  but  excessive  wave  motion  may  restrict  I 

its  use  so  that  an  alternate  method  such  as  active  utrasonics  would  be  I 

required.  If  a diver  cannot  be  used,  examination  of  data  from  a back-  | 

up  continuous  inspection  method  such  as  passive  acoustics  might  be  j 

required. 

4.1.3  Evaluation  of  Sequential  and  Simultaneous 

Inspection  Methods 

Sequential  use  of  different  inspection  methods  will  be 
considered  because  it  can  provide  increasing  levels  of  inspection  de- 
tail which  may  be  advantageous  for  inspecting  some  OTS  components. 

Generally,  a three-step  approach  would  be  followed: 

(1)  Determine  if  a defect  exists  with  a simple  low-cost 
inspection  method  this  could  be  done,  for  example,  by 
using  visual  or  liquid  penetrant  inspection  for  finding 
cracks  in  above  ground  piping  or  manifolds. 

(2)  Rough  sizing  of  defect  with  a more  sensitive  inspection 
method  this  could  be  done,  for  example,  by  using  higher 
cost  ultrasonic  inspection  if  a crack  is  detected. 

(3)  Quantitative  sizing  to  determine  if  component  replacement 
or  repair  is  required-  this  could  be  done,  for  example, 
by  using  very  high-cost  X-ray  or  ultrasonic  imaging 

inspection  methods.  | 

Simultaneous  use  of  different  inspections  is  necessary  when  | 

more  than  one  critical  defect  can  occur  in  an  OTS  component  and  these  J 

cannot  be  inspected  adequately  by  the  same  method.  j 

i 

1 

i 
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4.1.4  Variation  of  Frequency  of  Inspection  to  Reduce  Risk  of 

Oil  Spills 

An  important  consideration  for  periodic  inspections  is  the 
length  of  time  between  each  inspection.  Practice  makes  this  a trade- 
off between  the  cost  and  resources  required  for  the  inspection  and  the 
anticipated  likelihood  of  component  failure.  Application  of  this  practice 
will  not  eliminate  failures  of  equipment  and  spills  but  will  insure  a low 
low  frequency  of  spills  consistent  with  the  costs  and  consequences  of  an 
oil  spill.  According  to  theory  (References  39  and  40),  the  likelihood 
of  a leak  depends  on  the  probability  that  one  or  more  components  of 
a system  is  in  a failed  state  (e.g.,  a collapsed  hose  liner  or  a hole 
in  the  pumping  platform  deck).  This  latter  probability,  in  its  simplest 
form,  is  the  product  of  the  failure  rate  and  the  length  of  time  the 
failure  can  remain  undetected.  If  the  system  is  inspected  at  regular 
intervals,  the  detection  time,  on  the  average,  is  one-half  the  interval 
between  inspections  (References  42  and  43).  Thus  failure  probability 
decreases  in  direct  proportion  to  frequency  of  inspection. 

The  application  of  this  theory  requires  knowledge  of  failure 
rates.  As  indicated  in  Appendix  C of  Reference  1,  failure  rate  data  are 
available  for  many  common  items  of  equipment  such  as  pumps,  valves,  gas- 
kets, flanges,  etc.  Most  of  these  items  comprise  the  more  conventional 
parts  of  the  OTS,  those  of  the  onshore  pipeline  system  and  those  of 
the  pumping  platform.  However,  failure  rate  data  for  many  of  the  items 
comprising  the  SPM  and  the  floating  hoses  do  not  exist.  Instead  only 
some  spill  frequencies  have  been  derived  from  incomplete  data.  These 
data  together  with  the  fault  trees  and  the  failure-mode-and-effects 
analysis  in  Reference  1 were  used  to  develop  estimates  of  failure 
rates  for  parts  of  the  hose  string  and  SPM.  The  details  of  the  esti- 
mations are  described  in  the  appropriate  sub-sections  of  Section  4.0. 

4.1.5  Variation  of  Inspection  Methods  That  Limits  Quantity  of 

Oil  Spill^ 

Variation  of  inspection  methods  that  limit  the  quantity  of 
oil  spilled  has  to  do  with  the  ability  of  a technique  to  detect  a 
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onset  of  a leak.  For  example,  the  flow  meters  and  data  processing  equip- 
ment would  have  the  capability  to  detect  leaks  in  the  platform-to- 
terminal  pipeline  of  approximately  1 percent  of  the  flow.  Smaller  leaks 
would  not  be  detected.  As  a complementary  system,  a passive  acoustic 
array  installed  along  the  pipeline,  could  detect  small  leaks  but  would 
not  be  especially  effective  for  large  leaks.  Another  example  is  the 
visual  inspection  of  a floating  hose  string  from  a launch.  This  pro- 
cedure would  have  the  capability  to  detect  kinking  of  a hose  and  serious 
damage  to  the  floats  and  hose  carcass  but  not  incipient  failure  of  a hose- 
nipple  bond.  Judgment  as  to  the  sensitivity  of  the  many  inspection 
methods  included  consideration  of  manufacturer's  data  and  experience 
in  the  field. 

4.1.6  System  Effectiveness  | 

System  effectiveness  takes  into  account  inspection  system 
reliability,  operational  readiness  and  design  adequacy  and  will  be 
an  important  consideration  in  the  selection  of  the  optimum  inspection 
method.  It  can  be  used  to  quantify  the  overall  effectiveness  of 
inspection  methods.  The  concept  will  be  discussed  briefly  here.  A 
more  detailed  discussion  that  includes  a specific  example  is  given  in 
Reference  44.  System  effectiveness  provides  a quantitative  measure 
of  the  extent  to  which  an  inspection  system  may  be  expected  to 
accomplish  an  inspection  successfully  under  specified  conditions. 

The  system  effectiveness  (P^^)  is  defined  as 

^SE  “ '’r  * ^OR  * ^DA’ 

Where  Pp  = reliability,  the  probability  that  the  inspections 
system  will  operate  satisfactorily  during  the  total  inspection 
time.  It  relates  to  the  frequency  to  which  system  failure  occurs 
while  in  use.  In  the  simplest  case  it  can  be  assumed  that  uncon- 
trolled failures  (such  as  component  failure)  occur  at  random  and 
its  reliability  can  be  defined  as 
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where 

t = total  inspection  time, 

0 = mean  time  between  failures. 


Pqi^  = Operational  Readiness,  the  probability  that  the  system  is 
operating  or  ready  to  be  placed  in  operation.  Here  the  main  concern  is 
the  probability  that  the  inspection  system  will  be  operating  at  any 
random  point  in  time  rather  than  over  an  interval  of  time.  It  can  be 
defined  as 


where 


P 


A 


R 


2 


Availability 


Demand  (Usage  Titpe) 
Total  Calendar  Time 


Rj  = Assume  = 1 

p _ Non-Inspection  Up  Time 
” Total  Calendar  Time  ' 

= Design  Adequacy,  the  probability  that  the  inspection  system  will 
successfully  accomplish  its  performance  requirements.  In  simple 
inspections  P^^^  may  be  unity.  If  it  is  used  for  a difficult  inspection 
that  may  be  hard  to  carry  out  such  as  by  a diver  inspecting  a component 
that  is  moving  slightly,  the  P^^  value  may  be  much  lower. 

For  OTS  component  inspection  where  system  effectiveness  may  be 
low,  i.e.,  0.5,  the  overall  system  effectiveness  can  be  raised  signifi- 
cantly by  employing  approaches  such  as  using  two  inspection  methods 
for  the  same  inspectable  component  or  providing  spare  inspection  systems. 

4.1.7  Evaluation  of  Inspection  Methods  with  Multiple 

Uses  to  Reduce  Cost 

Some  inspection  methods  can  be  used  for  a variety  of  inspec- 
tions. This  becomes  an  important  consideration  particularly  when  an 
inspection  method  may  be  too  costly  is  used  for  only  one  specific 
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inspection  but  may  be  of  acceptable  cost  if  it  can  be  used  for  other 
inspections  which  help  to  defray  its  cost. 

4.2  INSPECTION  COSTS 

All  significant  inspection  costs  must  be  obtained  in  order  to 
properly  evaluate  the  cost-effectiveness  of  a particular  inspection 
method.  This  is  necessary  because  for  many  OTS  subsystem  components 
more  than  one  suitable  inspection  method  is  available  and  cost  consid- 
eration in  most  instances  would  be  the  most  important  factor  in  the 
recommended  inspection  method  and  procedure.  This  is  important,  -^or 
example,  when  the  frequency  of  a periodic  inspection  method  is  evaluated 
with  either  continuous  monitoring  or  component  replacement  intervals. 
Inspection  costs  which  were  used  are  discussed  in  the  following  subsections. 

4.2.1  Equipment 

The  equipment  required  for  a particular  inspection  method  and 
procedure  consists  of  the  basic  inspection  equipment  but  could  also 
include  items  such  as: 

• Support  equipment, 

- Rowboat 

- Power  launch 

- Power  supplies 

- Pumps 

- Diving  equipment 

- Monitoring  equipment 

- Equipment  for  permanent  records 

- Other; 

• Spare  parts; 

• Backup  equipment, 

- Replacement  inspection  equipment 

- Alternate  inspection  equipment. 
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Equipment  required  to  perform  inspections  might  range  from  little  more 
than  a rowboat  to  a powered  launch  with  diving  gear,  ultrasonic  inspection 
devices,  cleaning  hoses  and  underwater  TV  with  videotape  recording. 

All  well -maintained  facilities  require  a reasonable  amount  of  spares, 
tools,  and  backup  equipment  based  initially  on  manufacturer's  recom- 
mendations (which  may  or  may  not  be  followed  religiously)  and  later  on 
experience  gained  at  the  particular  installation.  Backup  inspection 
equipment  is  required  in  the  event  of  loss,  damage,  routine  maintenance 
or  failure  of  the  primary  equipment.  Different  operators  may  elect  to 
keep  on  hand  anything  from  a bare  minimum  of  spares  to  an  inventory 
sufficient  to  meet  almost  any  eventuality.  The  former  method  might 
often  prove  to  be  more  expensive  in  the  long  run  when  one  considers 
the  downtime  experienced  while  waiting  for  spares  to  be  delivered  and 
the  cost  of  shipment,  in  most  cases  by  air. 

In  the  case  of  offshore  platforms,  sufficient  redundancy 
is  provided  to  almost  eliminate  the  need  to  shut  down  for  any  signi- 
ficant period.  While  the  application  of  redundancy  to  SPM's  is  ob- 
viously much  less  feasible  than  on  a platform,  the  possibility  of 
utilizing  it  to  a limited  degree  may  exist.  In  an  extreme  case,  a 
completely  redundant  SPM,  used  only  in  the  event  of  major  failure  of 
the  primary  SPM,  might  prove  to  be  cost  effective. 

The  significant  costs  of  all  the  necessary  equipment  will 
be  considered.  Costing  will  include  items  such  as: 

• Capital  expense; 

t Rental; 

• Maintenance; 

• Repair; 

• Storage; 

• Overhaul; 

• Taxes. 
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4.2.2  Manpower 

Manpower  costs  for  conduction  of  various  inspection  methods  and 
procedures  can  vary  widely  depending  upon  the  type  of  inspection,  inspection 
duration,  inspection  equipment  and  level  of  skill  required.  These  costs 
are  estimated  in  this  study  on  a manhour  basis  because  of  the  large  varia- 
tions in  manhour  costs  that  result  from  variable  items  such  as  DWP  geo- 
graphic locations,  labor  rates,  local  regulations,  etc.  These  manpower 
manhour  estimates  for  each  inspection  method  and  procedure  will  include, 
all  necessary  personnel  such  as: 

• Terminal  operators  (port  superintendent,  cargo  transfer 
supervisor,  vessel  traffic  supervisor,  cargo  transfer 
assistant,  mooring  master,  etc.); 

• Support  personnel  (divers,  launch  operators,  inspectors, 
technicians,  etc. ) ; 

• Backup  personnel  (divers,  launch  operators,  inspectors, 
technicians,  etc.); 

• U.S.  Coast  Guard  personnel  . 

Manpower  costs  for  inspection  may  vary  widely  depending  upon 
the  inspection  and  the  thoroughness  and  frequency  with  which  inspections 
are  performed.  The  services  of  one  or  more  divers  are  a particularly 
important  cost  factor.  Continuous  visual-type  inspections  conducted 
at  a facility  by  launch  will  increase  the  manpower  costs  by  many  orders 
of  magnitude  as  compared  with  facilities  which  conduct  only  limited 
periodic  visual  inspections. 

Manpower  costs  for  future  U.S.  installations  may  or  may  not 
exceed  those  incurred  by  the  better  maintained  facilities  of  today.  On 
the  one  hand,  labor  rates  and  training  costs  will  be  higher  and  specia- 
lists will  be  needed  to  operate,  maintain  and  evaluate  the  data  from  more 
sophisticated  inspection  equipment.  On  the  other  hand,  the  introduction 
of  this  equipment  - some  of  it  operating  automatically  and  continuously  - 
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may  prove,  in  the  long  run,  to  require  fewer  manhours  than  are  required 
to  provide  continuous  inspections  by  launch  as  well  as  lessen  the  need 
for  divers. 

4.2.3  Facility  Downtime 

Various  inspection  methods  and  procedures,  repairs  and 
replacement  of  OTS  subsystem  components  may  require  both  DWP  facility 
and  Coast  Guard  downtime.  These  costs  will  be  included  in  inspection 
costs.  Downtime  costs  can  be  very  expensive  because  when  a facility 
is  not  operating,  it  is  not  only  not  making  money,  it  is  losing  money 
primarily  through  demurrage  and  the  cost  of  idle  manpower.  However, 
at  efficiently  run  DWP  facilities,  these  downtimes  can  be  generally 
scheduled  in  between  tanker  offloading,  and  costs  can  be  substantially 
reduced. 

Although  effective  inspection  methods  and  procedures,  repair 
and  replacement  may  require  downtime,  they  may,  in  the  long  run,  actually 
reduce  downtime  costs  by  reducing  oil  spill  incidents.  These  incidents 
obviously  cannot  be  scheduled  so  downtime  costs  could  be  assumed  to  be 
quite  high. 

A marginal  operator  may  accept  what  he  considers  to  be  minor 
leakage  as  a profitable  alternative  to  incurring  downtime  or  he  may 
decide  to  make  a temporary  repair  which  may  only  delay,  rather  than 
prevent,  a major  spill.  A more  conscientious  operator  might  shut  down 
while  a permanent  repair  is  made.  Each  may  feel  that  he  has  taken  the 
most  cost-effective  course  but  the  former  is  gambling  while  the  latter  is 
taking  a conservative  action  which  is  nonetheless  costly  and  which  might 
well  have  been  avoided  if  more  effective  inspection  procedures  had  been 
followed.  In  any  case,  it  seems  evident  that  the  cost  of  frequent  and 
thorough  inspections  would  be  more  than  offset  by  reduced  downtime. 
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4.2.4 


Other  Costs 


The  major  costs  of  making  inspections  have  been  addressed. 
However,  there  are  a number  of  other  costs  that  may  be  required  for 
certain  inspection  methods,  repairs  or  replacements.  They  may 
include  items  such  as: 

• Personnel  training; 

• Support  personnel ; 

0 Inspection  lead  times; 

0 Environmental  constraints; 

0 Other. 
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4.3  OTHER  CONSIDERATIONS  FOR  THE  EVALUATION  OF  INSPECTION  METHODS 

4.3.1  Inspection  Lead  Time 

Ideally,  it  should  be  possible  to  conduct  inspections  while 
transfer  operations  are  taking  place  or  when  the  facility  is  idle.  The 
inspection  process  itself  should  not  be  the  cause  of  any  more  facility 
downtime  than  is  absolutely  necessary  to  prevent  or  terminate  spillage. 

The  preparations  which  must  be  made  before  an  inspection  is  begun,  while 
important  for  reasons  of  safety  and  dependable  results,  should  also  be 
capable  of  implementation  without  incurring  facility  downtime.  Unduly 
long  lead  times  could  also  result  in  a decreased  frequency  of  inspections 
and  could,  therefore,  be  self-defeating  in  terns  of  achieving  an  effi- 
cient inspection  program. 

4.3.2  special  Training 

Although  above-water  visual  inspection  techniques  require  little 
or  no  special  training,  use  of  other  more  advanced  techniques  proposed 
in  this  study  will  require  a somewhat  higher  level  of  training  to  operate 
equipment  and  evaluate  results.  This  factor  should  be  held  to  a minimum, 
consistent  with  the  need  to  achieve  an  effective  inspection  program.  In- 
spection methods  and  equipment  should  be  selected  with  a view  toward 
their  ability  to  provide  easily  interpreted  and  unambiguous  results  which 
can  readily  be  applied  by  non-special ized  and  relatively  unskilled  per- 
sonnel . 

Whatever  training  is  determined  to  be  required  should,  at  least 
in  part,  be  given  by  qualified  instructors  in  a classroom  environment 
rather  than  the  on-the-job  training  which  is  common  today.  Again  it 
should  be  emphasized  that  the  motivation  of  inspection  personnel  is  an 
important  factor  and  should  be  an  integral  part  of  any  training  program. 

4.3.3  Environmental  Constraints 

Two  types  of  environmental  constraints  must  be  considered  in 
the  evaluation  of  inspection  methods.  The  first  concerns  the  operating 
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and  physical  environment  existing  at  a particular  DWP.  The  incidence 
and  severity  of  inclement  weather,  as  well  as  the  percentage  of  time 
the  SPM  is  unoccupied  by  a tanker,  can  have  a bearing  on  whether  one 
ir  pection  technique  might  be  preferable  to  another.  TV  monitors  and 
laser  detectors , for  example,  are  weather-limited,  while  many  inspections 
performed  by  divers  must  be  made  when  there  is  no  ship  in  the  berth  or 
in  calm  sea.  In  addition,  facilities  which  are  subject  to  frequent 
storms  will  require  more  frequent  post-storm  inspections  than  the 
average  facility. 

The  second  type  of  environmental  constraint  concerns  the 
amount  and  kind  of  pressure  exerted  by  local  governmental  and  environ- 
mental groups.  In  U.S.  waters,  this  pressure  will  be  uniformly  strict 
and  will  preclude  the  use  of  practices  such  as  deliberately  using  a 
component  until  failure  occurs, 

4.3.4  Inspection  Versus  Replacement 

Replacement  of  vulnerable  components  on  a regular,  conservative 
schedule,  based  on  manufacturers'  recommendations  or  on  experience  gained 
at  a given  facility,  can  be  an  effective  means  of  minimizing  spillage. 
Since  hoses  have  proven  to  be  the  most  vulnerable  link  in  the  chain,  a 
conscientious  replacement  policy  with  respect  to  hoses  should  signifi- 
cantly reduce  the  frequency  and  volume  of  spills.  Downtime,  at  all  but 
the  busiest  facilities,  would  be  minimized  by  replacing  the  hoses  (or 
other  components)  between  ship  visits. 

The  expense  of  replacing  components  which  may  still  have  a 
considerable  amount  of  useful  life  remaining  must  be  weighed  against 
the  potential ly  much  greater  expense  which  could  result  from  a cata- 
strophic failure.  Additionally,  the  ability  to  perform  extensive  on- 
shore testing  of  replaced  components  will,  in  many  cases,  reveal  that 
their  condition  is  such  that  they  may  be  economically  rebuilt  or  used 
"as  is"  for  emergency  spares. 
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While  even  a rigorous  replacement  program  will  not  eliminate 
the  need  for  inspections,  it  merits  serious  consideration  as  an  important 
element  in  an  effective  spillage-prevention  plan. 

4.4  COST-EFFECTIVENESS  ANALYSIS  OF  SELECTED  INSPECTION  METHODS 

FOR  OTS  SUBSYSTEM 

This  section  provides  a discussion  and  a quantitative  cost- 
effectiveness  analysis  (using  the  approach  described  in  Section  4.0)  of 
the  inspection  methods  and  procedures  that  have  been  selected  for 
further  evaluation  for  inspecting  the  OTS.  The  hypothetical  deepwater 
port  OTS,  which  is  a composite  of  SEADOCK  and  LOOP,  is  divided  into 
nine  main  subsystems.  Each  is  discussed  and  analyzed  separately  in 
nine  major  sections.  Each  major  section  is  divided  into  two  subsections 
described  in  the  following  two  paragraphs. 

In  the  first  subsection,  the  OTS  subsystem  components  are 
briefly  described  and  relative  oil  risks  reviewed.  Then  the  selected 
inspection  methods  and  procedures  are  first  identified  in  a table  along 
with  inspection  intervals,  costs,  risk  reduction  factors  and  effective- 
ness. These  inspection  methods  and  procedures  are  discussed  briefly, 
including  specific  type,  application,  mode,  degree,  duration,  sensitivity 
and  usage. 

The  second  subsection  covers  the  effectiveness  of  the 
inspection  methods  and  procedures.  First,  a detailed  discussion  is  given 
describing  how  risk  reduction  factors  for  OTS  component  failures  were 
determined  for  selected  inspection  methods  and  procedures.  Then,  how  the 
effectiveness  (reduced  barrels  of  oil  spilled  and  also  system  effective- 
ness) was  determined  is  discussed  and  specific  examples  with  sample 
calculations  are  presented.  To  simplify  comparisons  of  inspection  methods, 
the  effectiveness  values  were  based  on  the  ability  of  the  specific 
inspection  methods  indicated  in  the  tables  to  reduce  the  risk  of  oil 
spills  to  below  the  risk  estimated  in  Reference  1.  The  latter  values 
reflect  the  efficacy  of  inspections  for  the  OTS  utilized  during  1970- 
1971.  The  effectiveness  values  also  were  based  upon  implementations  of 
inspection  methods  that  are  either  commercially  available  or  in  the 
developmental  or  engineering  design  phase.  This  is  important  when  a 
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variety  of  implementations  of  a specific  inspection  method  are  available 
or  when  potential  inspection  methods  are  in  the  feasibility  stage  or  are 
untested.  For  example,  many  types  of  oil  spill  detectors  are  in  the 
feasibility  or  developmental  stage,  but  it  is  doubtful  that  more  than  a 
few  will  be  funded  for  development  and  testing.  This  is  because  the  oil 
spill  detection  field  has  been  in  existence  for  over  seven  years  and  most 
of  the  more  promising  detectors  are  either  available  commercially  or  in 
the  engineering  phase. 

4.4.1  Hose  String 

4. 4. 1.1  Selected  Inspection  Methods  for  Hose  Strings 

According  to  Section  3 of  Reference  1,  the  risk  of  oil  spills 
from  the  hose  string  during  offloading  are  the  highest  of  all  the  major 
DWP  OTS  components.  Oil  spill  risks  also  exist  during  the  time  when 
offloadings  are  not  in  progress,  but  the  risks  are  of  a much  lower  value. 
Spill  risks  are  shown  in  Table  4-1.  Basic  hose  string  configurations 
and  components  for  SALM  or  CALM  SPMs  are  shown  in  Section  3-2.  Six 
SPMs  are  expected  to  be  used  at  the  DWP.  Each  SPM  would  be  equipped 
with  two  hose  strings  for  offloadings.  The  basic  hose  string  is  1000 
to  1300  feet  in  length  and  comprised  of  30  to  40-foot  sections  of  24-inch 
diameter  flexible  floating  hoses  and  submarine  hoses  with  flanged  ends 
bolted  together.  The  hose  strings  will,  in  most  instances,  be  left  floating 
and  filled  with  oil  during  the  time  when  offloadings  are  not  being 
carried  out.  Several  inspection  methods  for  hose  strings  were  selected 
for  the  following  reasons: 

(1)  High  oil  spill  risks; 

(2)  Hose  string  dimensions  and  configuration; 

(3)  Information  presented  in  previous  sections; 

(4)  Availability  of  a number  of  suitable  inspection 
methods  that  have  a potential  for  significant  reductions 
in  oil  spill  risk. 
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The  selected  inspection  methods  together  with  inspection  frequency, 
estimated  cost,  risk  reduction  factors  and  effectiveness  are  listed 
in  Table  4-2.  Application  of  methods  to  specific  components  was 
identified  in  Table  3-2. 

SALM  and  CALM  Floating  Hose  Strings  During  Offloading 

Continuous  monitoring,  both  day  and  night  and  in  all  types 
of  weather,  is  the  most  effective  approach  to  inspection  for  reducing 
the  risk  of  oil  spills.  Four  inspection  methods  are  given  in  Talbe  4-2 
that  can  satisfy  these  objectives. 

The  most  promising  continuously  monitoring  method  is  an 
acoustic  array  system  (Appendix  B and  Table  3-1).  According  to  its 
developer*,  the  inspection  method  can  immediately  detect  and  locate 
the  acoustical  sounds  emitted  from  hoses  that  are  leaking  at  rates 
as  low  as  a barrel  an  hour.  The  acoustic  system  is  capable  of  in- 
stantaneous hose  rupture  detection  and  hose  incipient  failure  det- 
ection. This  is  accomplished  by  recording  and  processing  the  known 
characteristic  acoustical  sounds  (acoustic  emissions  occur 
in  a known  profile)  that  are  generated  at  areas  that  are  undergoing 
failure  inside  the  hose  but  before  a leak  or  rupture  occurs.  Acoustic 
detectors  would  be  installed  on  hoses  most  likely  to  fail  (first 
two  hoses  of  the  buoy,  hoses  that  break  the  water,  etc.).  Data 
would  be  continuously  monitored  and  an  alarm  sounded  prior  to  fail- 
ure or  during  actual  leakage.  System  electronics  would  be  installed 
on  the  buoy  and  the  data  telemetered  to  ship  or  platform  in  a manner 
similar  to  the  commercially  available  mooring  load  monitor  systems 
(see  Appendices  A and  B). 


* Acoustic  array  inspection  method  is  in  the  DWP  testing  and  en- 
gineering phase.  A number  of  successful  tests  have  been  carried 
out  on  SPM-type  hoses  over  the  past  four  years  for  leak  detection, 
incipient  failure  and  rupture  detection. 
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Two  other  inspection  methods  are  similar  in  that  each 
continuously  monitors  flow  of  oil  into  and  out  of  the  hose  string, 

SPM  pipeline  and  on  the  platform.  One  method,  a flow-monitoring 
OTS  control  system  (about  1%  accuracy)  uses  conventional  high  accu- 
racy flow  meters  to  detect  flow  changes  that  are  caused  by  large 
leaks  or  ruptures.  A second  method,  mathematical  modeling  of  the 
OTS  (about  0.1%  accuracy),  requires  measurement  of  various  flow  param- 
eters and  uses  a mathematical  model  of  the  OTS  components  (hose 
elasticity,  temp  effects,  etc.)  that  is  programmed  into  a small 
computer.  The  computer  can  be  used  in  conjunction  with  the  standard 
supervisory  control  system  that  would  be  used  on  the  platform  of 
the  DWP.  This  method  can  detect  rupture  and  slightly  lower  leakage 
than  the  other  method.  These  methods  do  not  provide  incipient 
failure  detection. 

The  fourth  continuously  monitoring  inspection  method 
is  a shroud  with  an  EMP  pulsed  coaxial  cable.  The  method  has 
only  been  tested  in  laboratory  experiments.  This  method  requires 
that  a shroud  be  placed  partially  around  the  hose  string  to  collect 
oil  from  a leak.  A special  continuous  coaxial  cable  with  breaks 
in  the  outer  cover  which  would  be  bridged  by  salt  water  would  be 
installed  within  the  shroud.  A repetitive  electromagnetic  pulse 
is  sent  through  the  entire  length  of  the  cable,  and  depending  on 
electrical  terminations,  is  reflected  back  to  the  sending  end. 

An  oil  leak  would  cause  the  reflected  wave  to  be  sent  back  inverted. 
The  system  basically  is  quite  simple.  Instruments  could  be  placed 
on  the  deck  of  a ship  and  an  alarm  located  at  the  ship.  This  could 
be  done,  in  a like  manner,  on  the  OTS  platform.  The  method  can  only 
provide  minimal  incipient  failure  but  is  capable  of  detecting 
relatively  small  leaks.  The  reliability  of  the  method  is  uncertain, 
however,  primarily  because  the  shroud  and  cable  must  be  designed  to 
withstand  rough  sea  states  without  damage.  Periodic  maintenance  of 
the  system  would  eliminate  problems  encountered  by  excessive  marine 
growth  or  corrosion. 
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Another  continuously  monitoring  system  i'  in  the  feasibility 
stage  and  has  not  been  satisfactorily  proven  in  the  laboratory.  The 
method  requires  one  to  wrap  the  hose  string  in  a tape  that  changes  its 
electrical  characteristics  when  oil  leaks  onto  the  inside  of  the  tape. 
Detection  merely  requires  continuous  monitoring  of  the  tape  resistance 
either  on  the  deck  of  the  ship  or  on  the  platform.  The  method  is  simple 
and  could  potentially  detect  leaks  and  provide  some  incipient  failure 
detection.  This  method  is  not  intended  for  use  at  this  time,  but  is 
included  here  in  the  event  the  method  is  developed  for  practical  use. 

Other  continuously  monitoring  inspection  methods  are  available 
but  their  use  and  oil  detection  sensitivity  is  limited  somewhat  by 
environmental  conditions  such  as  rough  sea  states,  wave  heights, 
wave  angles,  storms,  dense  fog,  darkness,  etc.  Continuously 
monitoring  oil  spill  detectors  (see  Table  3-1  and  Appendices  A and  B), 
in  particular,  are  limited  by  most  of  these  environmental  conditions. 

The  detectors  are  capable  of  inspection  for  small  leaks,  but  oil  must 
float  to  the  detectors  which  typically  have  small  sensing  ranges. 

Large  arrays  of  sensors  would  solve  the  problem,  but  this  approach 
appears  impractical.  These  problem  areas  limit  the  spill  detector's 
ability  for  early  detection  of  rupture,  but  they  can  be  used  to 
detect  leakage  of  small  amounts  of  oil.  Some  of  the  devices  also  can 
discriminate  between  thin  and  thick  oil  films.  Deck-mounted  versions 
on  a ship  or  launch  provide  an  excellent  aid  to  visual  type  inspections. 
Caution  must  be  exercised  in  using  detectors  that  may  not  comply  with 
existing  fire  and  explosion  safety  regulations,  particularly  on  the 
deck  of  the  ship  or  in  the  water. 
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Another  potentially  good  inspection  method  is  the  combination 
of  visual  and  a tape  detection  inspection.  In  the  inspection  method 
shown  in  Table  4-2,  the  tape  detection  scheme  consists  of  tape  wrapped 
around  the  hoses  and  flanges.  Leaked  oil  will  change  the  color  of  the 
tape.  This  method  is  in  the  experimental  stage,  but  is  expected  to  be 
more  reliable  than  tapes  which  change  in  electrical  resistance. 

SALN  Submarine  Hose  Strings  During  Offloading 

Inspection  methods  for  the  SALM  submarine  hose  strings 
are  also  given  in  Table  4-2.  These  methods  have  been  previously 
described  for  the  SALM  and  CALM  floating  hose  strings  not  during 
offloading  and  will  not  be  repeated  here. 

SALM  and  CALM  Floating  Hose  String  Not  During  Offloading 

Continuously  monitoring  inspection  methods  are  also  an 
effective  means  of  reducing  the  risk  of  oil  spilled  when  offloadings 
are  not  in  progress.  This  is  done  primarily  by  providing  incipient 
failure  detection  before  a leak  occurs  or  detecting  very  small  oil  leaks. 
Since  the  hose  strings  will  be  left  filled  with  a fluid  (usually  oil) 
when  offloadings  are  not  occurring,  oil  leak  detection  can  still  be 
accomplished.  The  acoustic  arrays  and  the  shroud  with  BMP  pulsed 
coaxial  cable  can  both  provide  detection  of  small  leaks.  However, 
only  the  acoustic  array  can  also  provide  leak  detections  when  the 
hoses  are  filled  with  seawater.  Incipient  failure  before  the  leak 
occurs  can  also  be  accomplished  by  the  acoustic  array  in  the  same 
manner  as  described  previously.  Other  continuously  monitoring  methods, 
such  as  the  OTS  control  system  flow  monitoring,  mathematical  modeling, 

TV  monitoring,  buoy-mounted  oil  spill  detectors  and  arrays  of  buoy 
oil  spill  detectors,  arenot  considered  to  be  sensitive  to  very  small 
leaks  or  to  provide  other  forms  of  incipient  failure  detection.  There- 
fore these  methods  were  eliminated  from  further  consideration  for  this 
OTS  operating  condition. 
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Some  periodic  inspections  are  very  effective  in  reducing 
oil  spill  risks.  This  is  because  they  can  be  used  to  detect  very  small 
leaks  or  defects  and  thus  provide  incipient  failure  detection. 

A simple,  but  effective,  insnectinn  method  is  the  use  of  visual 
inspection  of  a double-walled  hose  string.  Daily  visual  inspections  are 
adequate  to  detect  any  expansion  of  the  elastic  outer  cover  of  the  hoses  that 
might  occur  from  small  incipient  failure-type  leaks  of  oil  or  water. 

Daily  visual  inspection  is  also  adequate  for  hoses  wrapped  in  tape 
that  produces  a color  change  when  small  oil  leaks  occur. 

Insertion  of  a flexible  optical  borehole  device  with  a light 
source  can  be  used  to  provide  inspection  of  the  conditions  of  the 
inside  of  the  hose.  The  device  can  be  inserted  through  flanges 
(180°  apart)  located  at  the  nipple  of  every  other  hose  section. 

By  placing  a vacuum  on  the  hose  string  and  then  inspecting  the  hose 
sections,  internal  hose  damage  such  as  a collapsing  inner  liner  can  be 
observed.  However,  unavoidable  hose  flexing  during  inspection  may 
cause  difficulty  in  interpreting  the  inspections  of  some  of  the 
hose  sections  that  are  under  a vacuum.  This  method  should  be  parti- 
cularly useful  for  inspecting  the  first  hose  off  the  CALM  and  the 
first  underbuoy  hose. 

Another  inspection  method  is  to  pull  a TV  inspection  camera 
pig  through  the  hose  while  it  is  empty,  and  inspect  for  internal  hose 
damage.  This  method  may  be  done  under  a vacumm,  but  implementation 
would  be  difficult.  The  hose  may  be  damaged  internally. 

Using  leak  detection  methods  while  the  hose  string  is 
pressurized  (hydrostatic  tests)  is  a good  way  to  find  small  incipient 
failure-type  leaks.  During  these  hydrostatic  tests,  the  hose  string 
can  be  inspected  quickly  and  thoroughly.  Large  leaks  can  be  detected 
merely  by  observing  pressure  drops.  Using  a mathematical  modeling 
approach,  somewhat  smaller  leaks  can  be  detected  by  pressure  drop 
methods  because  physical  effects,  such  as  hose  elasticity,  temperature, 
etc.,  are  taken  into  account. 
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In  cases  where  some  oil  sheen  exists  that  may  mask  de- 
tection of  very  small  leaks  during  hydrostatic  tests,  dye  tracing  can 
be  very  effective.  Dye  insertion  inspections  are  slower  than  hydro- 
static tests.  For  the  simple  inspection,  only  visual  inspection  of 
the  escaping  dye  is  required.  However,  for  extremely  sensitive 
inspections  that  provide  excellent  incipient  failure  detection,  dye 
insertion  is  carried  out  using  a different  procedure.  For  this 
case,  dye  is  first  inserted  into  a water-filled  hose  string  under 
pressure,  then  an  adaptor  is  used  to  cover  and  contain  fluid  around 
a suspect  hose  or  flange,  and  finally  a fluorometer  is  used  to  test 
the  fluid  for  minute  traces  of  dye. 

External  hydrostatic  inspection  of  the  flange  leaks  may 
be  effective  if  developed  for  this  particular  application.  It  is 
not  included  inTable  4-2  because  it  is  limited  only  to  the  flanges 
and  would  not  significantly  reduce  the  spill  risk.  It  may 
be  used,  however,  as  one  of  the  recomnended  non-destructive  tests 
in  Section  5.1 . 

A variety  of  visual  inspection  schemes  is  shown  in  Table 
4-2.  Most  of  these  provide  no  substantial  improvement  in  risk  re- 
duction. Daily  visual  inspection  by  launch  aided  by  the  use  of  an 
electronic  oil  spill  detector  provides  some  improvement  in  incipient 
failure  detection.  This  occurs  because  of  improved  reliability 
in  detecting  small  leaks  and  in  the  ability  of  the  detector  to 
discriminate  between  thin  (oil  sheen,  no  leak)  and  thick  (oil  leak) 
oil  on  the  water. 

Visual  and  diver  non-destructive  testing  for  incipient 
failure  detection  carried  out  on  a recommended  schedule  is  given  in 
Section  5.1.  These  inspections  will  substantially  reduce  oil  spill 
risks.  Inspections  include  methods  such  as  seal  leak  detection, 
active  ultrasonics,  etc.  Inspections  carried  out  are  quite  extensive 
and  will  not  be  repeated  here. 


4-30 


SALM  Submarine  Hose  Strings  Not  During  Offloading 

Inspection  methods  for  SALM  submarine  hose  strings  are 
also  given  in  Table  4-2.  These  methods  have  been  previously  described 
for  the  SALM  and  CALM  floating  hose  string  not  during  offloading 
and  will  not  be  repeated  here. 
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4.4. 1.2  Effectiveness  of  Inspection  Methods  for  Hose  Strings 
SALM  and  CALM  Floating  Hose  Strings  During  Offloading 

Risk  reduction  factors*  achievable  by  purely  visual  observa- 
tions were  estimated  to  range  from  0.5  to  nearly  1.0.  Such  observations 
are  judged  not  to  be  especially  effective  for  detecting  incipient 
failures  but  can  detect  small  and  large  leaks.  The  sensitivity  of  the 
method  depends  in  part  on  the  location  of  the  viewer  and  in  part  on  the 
frequency  of  observation.  On  the  other  hand,  the  reliability  of  the 
method  was  judged  to  be  negligible  at  night  and  during  periods  of  bad 
weather.  Thus,  a risk  reduction  factor  of  0.5  was  assessed  for  continuous 
visual  observation  from  a launch  during  offloading.  For  less 
frequent  observation,  the  risk  reduction  factor  was  increased  toward 
unity.  Intermittent  observation  was  judged  to  be  ineffective  for  reduc- 
ing the  risk  of  spills  from  a large  break  (rupture),  since  immediate 
detection  would  not  be  guaranteed. 

The  use  of  an  oil  spill  detector,  especially  one  mounted  on  a 
launch,  was  judged  to  enhance  the  reliability  of  visual  observations, 
especially  at  night.  If  used  in  a continuous  mode  from  a launch  during 
offloading,  a risk  reduction  factor  of  0.3  was  assessed.  The  method  was 
judged  not  as  effective  when  not  offloading  since  the  reduced  pressure 
within  the  hoses  would  make  the  existence  of  leaks  less  evident. 

Replacing  the  on-the-scene  observer  with  low-light  TV  monitors 
(observed  in  the  onshore  control  center)  was  judged  to  be  50  percent 
effective,  primarily  for  the  instantaneous  detection  of  ruptures. 

Again,  the  effective  use  of  this  method  is  limited  to  relatively  good 
weather  but  can  be  used  advantageously  at  night. 

Presently,  no  detailed  monitoring  of  the  flow  of  oil  into 
and  out  of  the  hose  string  (and  the  SPM  unit  and  SPM  pipeline)  is 
performed.  Use  of  such  a system  capable  of  detecting  a one  percent 


* A risk  of  oil  spills,  after  applying  the  inspection  method,  is  the 
product  of  this  factor  and  the  risk  value  with  no  inspection 
(Reference  1,  Table  3-14). 
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difference  in  the  flows  is  judged  to  be  very  effective  for  the  instan- 
taneous detection  of  the  large  leaks  and  ruptures  during  offloading.  Im- 
proving the  sensitivity  to  0,1  percent  was  judged  to  effect  only  a marginal 
increase  in  the  reduction  of  risk.  The  reason  for  this  is  that  at  these 
levels  of  sensitivity  the  frequent  small  leaks  remain  undetected. 

Moreover,  the  method  would  not  give  an  indication  of  incipient  failures. 

The  use  of  buoy-mounted  oil  spill  detectors  during  offloading 
was  judged  not  to  be  especially  effective  and  was  given  a risk 
reduction  factor  of  0.9.  The  reason  for  this  is  that,  depending  on 
the  direction  of  the  wind  and  current,  a leak  of  oil  and  even  the 
loss  of  oil  from  a rupture,  could  miss  the  buoy  and  not  be  detected. 

In  order  to  counteract  this  problem,  a large  number  of  buoys  could 
be  used.  However,  it  is  unlikely  that  this  would  be  done  since  they 
would  interfere  with  normal  operations  at  the  SPM. 

Tape  detection  of  leaks  in  conjunction  with  regular  in- 
spection from  a launch  was  judged  to  be  especially  effective  for 
small  leaks  and  incipient  failures  which  are  manifested  as  small 
leaks.  A double  walled  hose  is  at  least  as  effective  as  the  tape 
since  the  oil  from  most  leaks  would  be  trapped  by  the  second  wall. 

For  either  method,  if  observed  continuously  from  a launch,  means 
would  then  be  available  to  give  immediate  detection  of  a large  break 
or  rupture  during  offloading.  For  all  of  these  uses,  a risk  reduction 
factor  of  0.1  was  assigned. 

An  acoustic  passive  array  was  judged  to  be  effective  during 
offloading,  both  for  detecting  leaks  and  incipient  failure,  and  for 
giving  immediate  warning  of  a large  break  or  rupture.  As  an  added 
advantage  over  the  above  methods,  the  output  of  the  array  can  be 
monitored  remotely.  A risk  reduction  factor  of  0.1  was  estimated 
for  this  method.  The  EMP  pulsed  coaxial  cable  detection  method  was 
judged  to  be  slightly  less  effective,  having  a risk  reduction  factor 
of  0.3.  The  reason  for  this  is  that  oil  must  leak  and  must  accum- 
ulate inside  the  shroud  before  detection  can  occur. 


SALM  Underwater  Hose  Strings 

r 

[ Except  for  the  methods  requiring  visual  observation  from 

i a launch,  all  of  the  above  methods  were  judged  to  be  equally  effec- 

tive for  the  underwater  portion  of  the  SALM  hose  strings.  These 
include  the  acoustic  array,  EMP  pulsed  coaxial  cable,  buoy  oil  spill 
detector  and  the  control  system  monitors.  Visual  observation  from 
above  the  water  surface  or  from  a launch  was  judged  to  be  ineffec- 
tive, a risk  reduction  factor  of  0.9. 

Hose  Strings  Not  During  Offloading 

Several  methods  not  only  may  be  effective  for  detecting  leaks 
during  period  of  hose  idleness,  but  also,  and  more  importantly,  for 
providing  means  of  detecting  incipient  failures.  Non-destructive 
j testing  by  a diver  twice  a year  was  judged  to  provide  a risk  reduc- 

tion factor  of  0.5  for  leaks  and  incipient  failures.  A greater  risk 
reduction  could  be  achieved  by  more  frequent  and  more  thorough  in- 
spections with  NOT.  In  this  vein,  adding  the  optical  borehole  method 
together  with  an  applied  vacuum  allows  a visual  inspection  of  por- 
tions of  the  interior  of  the  hoses.  A risk  reduction  factor  of  0.5 
was  estimated  for  this  combination.  Interior  inspection  also  could 
be  accomplished  with  a pig  (twice  a year);  but  this  alone  was  judged 
I to  give  a risk  reduction  factor  of  only  0.8. 

Pressurizing  the  hose  string  and  searching  for  leaks  of 
;■  oil  (once  a week)  was  estimated  to  give  a risk  reduction  of  0.5, 

on  the  basis  that  incipient  leaks  would  tend  to  develop  into  de- 
ll tectable  leaks  when  the  hose  is  stressed  to  levels  above  those  at 

I operating  conditions.  Using  a dye  was  judged  to  increase  the  sen- 

sitivity of  this  process  and  a risk  reduction  factor  of  0.1  was  es- 
timated. 

Leaving  the  hoses  filled  with  water  rather  than  oil  between 
ship  calls  would  be  highly  effective  in  limiting  the  risk  of  oil 
spills  during  these  periods,  but  is  not  useful  for  detecting  leaks 
except  for  the  acoustic  array  inspection  method  which  can  detect 
either  oil  or  water  leaks. 
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Under  the  assumption  that  the  hose  strings  are  pressurized  and 
are  left  full  of  oil  during  periods  of  idleness,  many  of  the  methods  used  to 
detect  leaks  during  periods  of  offloading  also  are  effective  to  the  same  degree.  ? 

These  include  the  passive  acoustic  array,  the  EMP  pulsed  coaxial  cable  and 
frequent  visual  observation. 

As  an  alternative  to  inspection,  the  entire  hose  string  or  portions 

of  it  could  be  replaced  during  periods  of  idleness.  This  is  done  at  regular 

★ 

intervals  ranging  from  6 to  48  months  at  most  DWPs.  Actual  hose  replacement 
schedules  depend  on  the  amount  of  usage  and  environmental  conditions.  More 
frequent  hose  replacement  could  reduce  spill  risk.  However,  the  extent  of  the 
reduction  is  limited  because  of  possible  errors  made  during  assembly  such  as  ' 

too  rough  handling  and  faulty  flange  connections.  Moreover,  the  replacement  . 

hose  itself  may  be  defective.  There  are  insufficient  data  to  make  a | i 

quantitative  determination  of  these  factors.  For  this  study,  the  risk  reduction 
achievable  either  by  regular  hose  replacement  or  bringing  the  hose  onshore  to  | 

ascertain  its  suitability  for  use  at  intervals  exceeding  12  months  was  assumed  ^ 

to  be  nil.  For  intervals  of  12  months  or  less  risk  reduction  factors  were 
improved.  Tail  hoses  and  the  first  hose  off  the  CALM  were  assumed  to  require 
more  frequent  replacement.  Hose  replacement  is  particularly  important  during 
the  first  few  years  of  operation  when  effects  of  environmental  conditions  are 
uncertain. 

Effectiveness-  Reduced  Barrels  of  Oil  Spilled 

Of  the  rupture  total,  10  percent  was  assumed  to  result  from  hose 
deterioration  and  to  be  preventable  by  effective  detection  of  incipient 
failures.  The  other  90  percent  arises  from  other  causes  such  as  ship 
breakout  (failure  of  the  mooring  hawsers)  and  is  unaffected  by 
inspection  of  the  hoses. 

For  the  SALM  hose  strings,  leak  and  rupture  failure  risk  was  assumed 
to  be  divided  between  the  floating  and  underwater  portions,  in  the  ratio  of 
6 to  1 (6  submarine  and  30  floating  hose  sections).  Some  examples  are 

given  below  to  illustrate  how  specific  reductions  in  oil  spill  risk  were 
computed. 

The  barrels  of  oil  not  spilled  as  a result  of  the  application  of 
an  inspection  method  was  based  on  the  following  risk  values  derived  from 
Table  3-14  of  Reference  1.  During  offloading,  the  total  risk  of  large  spills 
or  ruptures  is  2,900  bbl s/year  and  the  risk  of  leaks  is  310  bbls.  The  j 


* At  one  deepwater  port  in  Europe,  local  regulations  require  hose  removal 
and  inspection  every  6 months  and  hose  rejection  after  12  months. 
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rupture  total  is  divided  into  two  parts:  that  lost  during  the  time 
required  to  detect  the  rupture,  1000  bbl s/year,  and  that  lost 
during  shutdown  of  the  oil  flow  plus  the  oil  remaining  in  the  hoses, 

1900  bbl s/year  (see  pp.  3-67  and  3-68  of  Reference  1).  Hence, 
immediate  detection  of  ruptures  (e.g.,  by  100  percent  effective  con- 
tinuous visual  observation)  would  reduce  the  rupture  risk  by  1000 
bbl s/year. 

For  the  CALM  hose  string  during  offloading,  the  risk  re- 
duction factor  for  continuous  inspection  from  the  launch  is  0.5.  The 
method  is  applicable  for  detecting  leaks,  incipient  ruptures  and  instan- 
taneous detection  of  ruptures.  Hence,  the  reduced  volume  of  oil  spilled 
is  : (1-0.5)  [ 310  (leaks)  + 1000  (rupture  detection)  + 290  (incipient 

rupture)]  = 800  bbl s/year.  The  system  effectiveness  is  defined  as  the  spill 
volume  reduction  divided  by  the  total  risk,  which  in  this  case  is  3210 
bbls/year,  310  bbls/year  (from  leaks)  plus  2900  bbls/year  (from  ruptures); 

(3210  - 800)  bbls/year  p,  „ 

3210  bbls/year  ~ 

Visual  inspection  from  the  launch  made  every  two  hours  are 
ineffective  for  immediate  rupture  detection,  but  are  modestly  effective 
for  detection  of  leaks  and  incipient  failures,  a risk  reduction  factor  of 
0.7.  Hence,  the  reduction  in  barrels  spilled  is:  (1-0.7) [310  (leaks)  + 290 
(incipient  rupture)]  = 180  bbls/year.  The  system  effectiveness  is: 

(3210  - 180)  bbls/year  _ ^ q 
3210  bbls/year 

For  the  passive  acoustic  array,  the  risk  reduction  factor  is  0.1  and  the 
reduced  volume  spilled  is: 

(1-0. 1)[  310  (leaks)  + 1000  (rupture  detection)  + 290 
(incipient  rupture)  ] = 1440  bbls/year. 

The  system  effectiveness  is: 

(3210  -1440)  bbls/year  f,  c 
3210  bbls/year  " 

The  other  values  listed  in  Table  4.2  were  calculated  in  a similar  manner. 
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4.4.2 


Mooring  System 


4. 4. 2.1  Preliminary  Selection  of  Inspection  Methods 

Failure  of  the  mooring  system  during  offloading  can  cause 
ship  breakout  and  result  in  rupture  of  the  floating  hose  string. 

This  failure,  as  shown  in  Section  3 of  Reference  1,  results  in  the 
highest  oil  spill  risk  (see  Table  4-1)  because  it  is  the  major 
cause  of  floating  hose  string  rupture.  Failure  of  the  mooring 
hawsers  is  the  primary  failure  of  the  mooring  system.  Often 
two  hawsers  are  used  and  each  is  typically  200  feet  long, 

15  inches  in  diameter,  made  of  braided  nylon  and  capable 
of  sustaining  the  mooring  strain.  Other  mooring  system  components 
are  described  in  Section  3.2.  Although  the  relative  risk  of  oil  spills 
for  the  mooring  system  is  quite  high,  there  exist  only  a few  new 
inspection  methods  for  the  risk  reduction  analysis  (these  new  methods  were 
not  in  use  during  the  time  period  that  was  used  for  the  risk  data).  Selected 
inspection  methods  are  given  with  inspection  intervals,  estimated  costs, 
risk  reduction  factors  and  effectiveness  in  Table  4-3.  Selected  in- 
spection methods  for  the  specific  components  of  the  mooring  system  are 
identified  in  Table  3-2. 

A good  approach  for  reducing  the  oil  spills  resulting  from  the 
failure  of  mooring  systems  is  to  continuously  monitor  the  mooring  system 
during  offloading  using  inspection  methods  that  can  provide  both  incipient 
failure  detection  and  immediate  detection  of  mooring  system  failure.  One 
inspection  method,  a buoy  strain-gage  load  monitor  (Reference  35)  is  commer- 
cially available  (see  Appendix  A).  The  system  can  be  installed  either  on  a 
SALM  or  CALM  buoy  and  can  continuously  measure  the  mooring  line  loads.  The 
device  can  be  used  to  reduce  oil  spill  risks  in  three  main  ways: 

1)  detects  ship  breakout  instantaneously;  2)  provides  incipient  failure 
detection  by  giving  an  alarm  when  tanker  loads  reach  unsafe  levels; 
ship  offloading  can  be  stopped  until  the  loads  become  safe;  3)  provides 
incipient  failure  detection  by  monitoring  historical  data  on  rope  fatigue. 

In  addition,  the  telemetry  system  used  with  the  inspection  method  can 
accommodate  other  continuously  monitoring  inspection  methods  or  sensors 
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ImpKtlon  or  rtoltccuant  colt  oitiMtci  boitO  on  yoorljr  costs  Miortliod  ovor  t ton-ytor  period, 
i Risk  of  oil  spills,  ofttr  ppplylnp  the  Inspection  eethoO,  Is  the  product  of  this  foctor  ond  the  risk  vilue  vlth  no 
Inspection  (Reference  1,  Tebtc  3-14.  Risk  reduction  factor  Is  estlnated  for  the  coeponent  (If  epproprlate,  also 
for  Indicated  failure  eode)  and  for  the  OTS  sjrstaai  that  Includes  the  coaiponent. 

RI-Ro  Ifaprovaacnt  In  risk  reduction  because  aiethod  aas  comonly  used  uhen  risks  Mere  detenalned  In  Reference  1,  Section  3. 
NEE-Ref11p1b1e  value  for  risk  reduction  factor  (>0.95). 

IRO-leprovaiaent  not  discernible. 

NR-Net  applicable  tlece  aatlied  ns  caannly  eaed  eban  risks  nre  detsrelnad  In  Reference  1,  Section  3. 

Sc?ii;  •"  * *’•  ^ 
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that  may  be  used  at  or  near  the  buoy.  Caution  is  advised  in  using  this 

system  to  extend  the  life  of  the  hawsers.  If  this  is  done,  cost  i 

savings  of  hawser  replacement  occur  but  oil  spill  risks  may  not  improve 

and,  in  fact,  may  get  worse.  Monthly  or  bi-monthly  calibration  of  the 

load  monitor  inspection  system  and  mooring  line  using  scheduled  loading 

sequence  (similar  to  what  is  done  in  wind  tunnels,  for  example)  is 

highly  desirable.  This  would  improve  both  the  reliability  of  the  system 

and  provide  load  history  calibrations  of  the  mooring  line  that  would 

improve  the  interpretation  of  the  mooring  line  condition.  Calibrations  ; 

can  be  computerized,  at  a nominal  cost;  this  would  significantly  reduce  ! 

interpretations  of  mooring  line  condition  by  operating  personnel. 

A continuously  monitoring  acoustic  emission  inspection 
system  also  appears  to  have  excellent  potential  for  reducing  oil  spill 
risks.  The  system  is  not  coitinercially  available  but  would  be  similar 
to  the  mooring  load  monitor  system.  It  could  be  installed  either  on 
the  CALM  or  SALM  mooring  buoy  and  could  be  used  in  the  following  ways: 

1)  detects  ship  breakout  instantaneously;  2)  provides  incipient  failure 
detection  of  the  mooring  line  by  detecting  when  the  mooring  line  is 
approaching  an  unsafe  condition.  The  line  would  thus  be  inspected  and/ 
or  replaced.  The  unsafe  condition  is  detected  when  the  rate  of  acoustic 
emission  reaches  an  unsafe  level.  The  unsafe  level  would  have  to  be 
predetermined  in  the  laboratory  on  a sufficient  number  of  representa- 
tive test  samples;  3)  provides  incipient  failure  detection  of  the  mooring 
line  by  monitoring  historical  acoustic  emission  data  from  external 
loads.  External  loading  calibrations,  using  an  increased  loading 
schedule  on  possibly  a weekly  schedule  is  highly  desirable.  This  could 
improve  the  reliability  of  the  system  and  provide  load  history  cali- 
brations of  the  mooring  line  that  would  improve  interpretation  of  the 
mooring  line  condition.  Calibrations  can  be  computerized,  at  a nominal 
cost;  this  would  significantly  reduce  interpretation  of  mooring  line 
condition  by  operating  personnel.  The  main  problem  with  this  inspec- 
tion method  is  that  although  incipient  failure  acoustic  emission 
profiles  prior  to  ship  breakout  would  follow  normal  incipient  failure 
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I profiles,  some  interpretation  is  required  concerning  amount  of  time 

before  failure  occurs.  Nevertheless,  there  would  be  sufficient  time 
to  detect  a catastrophic  failure  and  stop  unloading.  This  inspection 
method  also  is  capable  of  providing  the  location  of  the  specific  areas 
I where  defects  are  appearing.  NOT  methods  could  be  used  to  more  closely 

inspect  those  areas.  Acoustic  monitoring  has  not  been  applied  to 
mooring  lines  but  has  been  used  successfully  in  similar  types  of  appli- 
cations (see  Reference  45).  The  acoustic  monitoring  system  would  re- 
quire that  extensive  laboratory  testing  be  carried  out  on  mooring  line 
components  before  a reliable  system  could  be  implemented.  Most  system 
components  such  as  the  sensors,  data  acquisition  system,  computer  ana 
telemetry  systems,  however,  are  commercially  available, 
i 

The  combinations  of  the  inooring  load  monitor  system  and  the 
, acoustic  array  would  potentially  provide  extremely  high  sensitivity 

I and  reliability.  Use  of  both  systems  may  allow  extended  use  of  the 

mooring  system  and  may  actually  provide  cost  savings  by  reducing 
hawser  replacement.  Other  less  effective  inspection  methods  of  the 
mooring  system  are  available  during  offloading.  These  are  mainly 
visual  inspections  from  the  deck  of  the  ship,  on  the  monobuoy,  on 
the  platform  or  from  a launch,  A low-light  TV  monitor  can  be  used  on 
the  deck  of  the  ship  or  on  the  buoy  to  aid  visual  inspection.  Visual 
inspection  can  also  be  carried  out  from  a launch  when  a ship  is  not 
moored  to  the  buoy.  The  specific  inspections  that  can  be  carried  out 
are  given  in  Appendix  B and  those  recommended  are  included  in  Section 
5.1. 

Effective  visual  and  NOT  inspections  on  mooring  system  OTS 
, components  can  be  accomplished  using  a diver  and  a launch  when  a ship 

is  not  moored  to  the  buoy.  Specific  diver  visual  inspections  are  given 
in  Appendix  B and  recommended  ones  are  included  in  Section  5.1.  NDT 
inspections  can  provide  good  incipient  failure  detection  if  the 
inspections  are  scheduled  at  frequent  intervals.  Particularly  effec- 
tive NDT  inspection  methods  include:  measurement  of  the  length  of  the 
mooring  hawser;  X-ray  inspections  of  the  mooring  hawser,  chains,  brackets, 

! etc.;  penetrant  inspections  of  the  chains;  magnetic  rubber  inspection 

of  the  chains. 
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Replacement  of  the  hawsers,  chaffing  chain,  buoy  chain  and  brackets 
at  frequent  intervals  will  reduce  oil  spill  risks.  In  some  instances 
this  may  be  more  desirable  than  inspections  because  of  lower  cost 
or  simplicity. 

4. 4. 2. 2 Estimation  of  Risk  Reduction  Achievable  by  Inspection 

of  the  Mooring  System 

Ship  breakout  because  of  the  failure  of  the  mooring  system, 
especially  the  hawsers,  is  a primary  cause  of  the  rupture  of  the  floating 
hose  strings  during  offloading.  Continuous  visual  observation  of  the  hawser 
from  almost  any  vantage  point  will  allow  immediate  detection  of  hawser 
failure  and  hence  immediate  initiation  of  the  shutdown  of  oil  transfer  even 
though  rupture  of  the  hoses  and  loss  of  oil  cannot  be  prevented.  The  risk 
reduction  factor*  estimated  for  this  method  is  0.5  from  the  deck  of  a ship 
because  it  is  assumed  that  some  visual  inspections  were  carried  out  on  a 
part-time  basis  when  risks  were  determined. 

The  use  of  a low-light  TV  monitor  rather  than  an  on-the-scene 
observer  is  judged  to  be  approximately  as  reliable  as  the  latter;  a risk 
reduction  factor  of  0.5  was  assessed. 

Continuous  monitoring  by  an  acoustic  array  was  judged  to 
have  a risk  reduction  factor  of  0.4  with  respect  to  detecting  inci- 
pient failures  of  the  hawser  and  preventing  ship  breakout.  Similarly, 
a strain-gage  load  monitor  on  the  hawser  is  estimated  to  have  a risk 
reduction  factor  of  0.3.  This  estimate  is  based  primarily  on  the 
sensor's  ability  to  sense  and  count  loadings  which  equal  or  exceed  the 
elastic  limit  of  the  hawser.  Calibrating  the  gage  once  a month  is 
expected  to  improve  the  reliability  of  the  method;  a risk  reduction 
factor  of  0.25  is  estimated  for  this  case.  The  highest  sensitivity  and 
reliability  is  estimated  for  the  combination  of  an  acoustic  array  and 
the  strain-gage  load  monitor.  A risk  reduction  factor  of  0.1  is  esti- 
mated. This  combination  allows  continuous  monitoring  of  the  response 
of  the  hawser  to  each  loading  and  comparisons  can  be  made  at  equal 
loading  to  determine  deterioration. 


♦The  risk  of  oil  spills,  after  applying  the  inspection  method,  is  the 
product  of  this  factor  and  the  risk  value  with  no  inspection  (Ref- 
erence 1 , Table  3-14) . 


4-41 


i 


When  a ship  is  not  moored,  several  non-destructive  tests 
may  be  applied  to  the  hawser.  Also,  the  response  of  hawser  to  a 
set  of  prescribed  loads  may  be  determined  with  an  acoustic  array.  Risk 
reduction  factors  of  0.3  and  0.2  were  estimated  for  these,  respectively. 
Alternatively,  the  hawsers  and  the  other  components  of  the  mooring  system 
could  be  replaced  periodically.  By  this  method  it  was  estimated  that 
a risk  reduction  factor  of  0.5  could  be  achieved  by  replacing  the  hawser 
at  least  every  three  months. 

Estimation  of  the  reduction  in  the  barrels  of  oil  spilled 
was  based  on  the  risk  value  of  2600  bbl s/year  from  hose  rupture  caused 
by  mooring  system  failure  (see  Section  4. 4. 1.2).  Thus,  for  the  mooring 
load  monitor  method  alone  during  offloading  the  reduced  risk  of  barrels 
of  oil  spilled  is 

(1-0.3)  [ 2600  ( rupture  prevention  )]=  1820  bbls/year. 

The  system  effectiveness  is 

(3200  - 1820)bbls/year  _ „ , 

3200  bbls/year  “ 

where  it  may  be  recalled  that  3200  bbls/year  is  the  total  spill  risk 
from  hoses  during  offloading  (see  Section  4. 4. 1.2).  In  the  case  of 
visual  observation  the  maximum  spill  risk  reduction  is  900  bbls/year, 
since  only  immediate  detection  of  the  rupture  is  possible  (see  Section 
4. 4. 1.2).  Thus,  the  reduced  risk  of  barrels  of  oil  spilled  is 

(1-0.1)  [900  (rupture  detection)]  = 810  bbls/year. 

The  system  effectiveness  is 


(3200  - 810) bbl s/year  _ n t 

3200  bbls/year  " 


4.4.3  Shipboard  Connections 

4.4. 3.1  Preliminary  Selection  of  Inspection  Methods 

Existing  inspections  of  the  shipboard  connections  of  the  OTS 
appear  to  be  adequate  because  only  a small  oil  spill  risk  (50  barrels/ 
year)  is  expected  to  occur  (see  Table  4-1). 


r 


4-42 


|S  / 


These  existing  inspection  methods  are  selected  and  shown  in  Table  4-4 
and  also  noted  in  Table  3-2.  Other  selected  inspection  methods  which 
may  be  useful  and  can  be  used  at  the  discretion  of  the  ship  owner  or 
operator  are  also  indicated. 

4. 4. 3. 2 Estimation  of  Risk  Reduction  Achievable  by  Inspection  of 
Shipboard  Connections 


Oil  spill  risks  for  shipboard  connections  can  not  be 
appreciably  improved  because  this  method  has  been  in  general  use. 
Hence,  effectiveness  values  were  not  computed. 


4.4.4 
4.4.4. 1 


Undersea  Pipeline 

Preliminary  Selection  of  Inspection  Methods 


One  of  the  major  sources  of  potential  deepwater  port  oil 
spillage  is  caused  by  undersea  pipelines.  This  is  apparent  from  the 
results  given  in  Section  3 of  Reference  1 and  those  shown  in  Table  4-1. 

In  addition,  one  study  (Reference  46)  indicates  that  pipeline  failures 
occurring  in  areas  such  as  the  Gulf  of  Mexico  appear  to  be  increasing. 
Pipelines  expected  to  be  used  are  three  undersea  lines  56  inches-OD 
that  are  about  21  miles  long  and  buried  3 feet  and  also  six  SPM  pipelines 
48  inches-OD,  each  about  8000  feet  long  and  buried  about  10  feet.  A 
number  of  inspection  methods  were  selected  for  further  evaluation  for 
the  following  reasons:  1)  high  spill  risk,  2)  increasing  pipeline 
failures,  3)  information  presented  in  previous  sections  and  4)  the 
availability  of  many  suitable  inspection  methods.  The  selected  in- 
spection methods  are  shown  with  inspection  intervals,  estimated  costs, 
risk  reduction  factors  and  effectiveness  in  Table  4-5.  These  methods 
are  also  noted  in  Table  3-3  for  specific  OTS  undersea  pipeline  failure 
modes . 


Undersea  pipeline  rupture  is  the  major  source  of  oil  leakage 
in  the  pipeline  primarily  because  of  the  large  volume  of  oil  that 
can  be  spilled.  Inspections  can  be  carried  out  that  may 
reduce  significantly  the  frequency  of  rupture.  A major  cause  of  pipe- 
line rupture  is  external  impacts  from  objects  such  as  anchor  dragging. 

A general  periodic  survey  can  be  carried  out  to  reduce  the  frequency 
of  rupture  by  inspecting  the  pipeline  for  bare  spots,  the  depth  Of  soil 
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TABLE  A-A  COST-EFFECTIVENESS  ANALYSIS  FOR  SHIPBOARD  CONNECTIONS 


I 


OTS  COMPONENT 


SHIPBOARO  CONNECTIONS 

Ship  Ninlfold  Expansion 
Joint 


Ship  Manifold 


Gasket  Between  Hose 
Flange  and  Manifold 


Ship  Manifold  Valve 


Grip  Tank  and  Scuppers 


Inspection  Method  * 
or 

Replacement 


Inspections 

or 

Replacements 


TrM. 

Year 


(Sk) 


TTT 


Risk  Reduction 
Factor  (2). (3). (4) 


Comp.  [System 
Failure  Failure 


Effectiveness  (6) 
011  (5) 

Saved  Cost 


barrels 

Oil 


Barrels 


im- 


Coaaents 


TT- 


T*" 


Visual  on  deck 


Hydrostatic 
Passive  acoustic 


cont. 


NA 


NA 


NA 


NI 


RDT  fiM'Table  J-2) 


1 Visual  on  deck  of  ship 


2 * Hydrostatic 
T*  P»s1ve  acoustic 


cont. 


NA 


NA 


4*  Seal  leak  detector 


5*  NPT  tsw  Table  3-21' 


1 Visual  on  deck  of  ship 


Hydrostatic 
Seal  Teak  detector 


cont. 


NA 


NA 


« •*  HPT  tier  Table  T-21 


1 Visual  on  deck  of  ship 
2*  Hydrostatic 


cont. 


NA 


NA 


3*  Operational  checks 


Opel 

Hot 


[SM  Table  i-7T 


NA 


NI 


NA 


NI 


NA 


NI 


1 Visual  on  deck  of  ship 


cont. 


NA  I NA  ! NA 


NI 


NA 


NA 


NA 


NA 


NA 


NOTE:  (1) 


ili 

($) 


Inspection  or  replacement  cost  estimates  based  on  yearly  costs  amortized  over  a ten^ear  period. 

Risk  of  oil  spills,  after  applying  the  Inspection  method.  Is  the  product  of  this  factor  and  the  risk  value  with  no 
Inspection  (Reference  1,  Table  3-14).  Risk  reduction  factor  Is  estimated  for  the  component  (If  appropriate,  also 
Indicated  failure  mode)  and  for  the  OTS  system  that  Includes  the  component. 

NI-No  Improvement  In  risk  reduction  because  method  was  connonly  used  when  risks  were  determined  In  Reference  1,  Section  3. 
NEG-Negllgibit  value  for  risk  reduction  factor  ( >0.95). 

IND- Improvement  not  discernible. 

Neth^s*SCa]?a&]e  at'^Stscn^  coyon^used  when  risks  were  determined  in  Reference  1,  Section  3. 
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TABLE  H-5  COST-EFFECTIVENESS  ANALYSIS  FOR  UNDERSEA  PIPELINE 


I 


NOTE;  p)  Insptctipn  or  rtplocMont  cost  estiMtts  bostd  on  ytorly  costs  Mortfzotf  ovtr  • ttfwytor  ptrlod. 

(2)  Risk  oT  oil  spills*  after  applying  the  Inspection  atthod,  Is  the  product  of  this  factor  and  the  risk  value  with  no 
Inspection  (Reference  1*  Table  3*14.  Risk  reduction  factor  Is  estlaated  for  the  coaponent  (If  appropriate*  also 
Indicated  failure  aode)  and  for  the  OTS  systaa  that  Includes  the  coaponent. 

13)  Nl*No  laprovcaent  In  risk  reduction  because  atthod  was  coaponly  used  when  risks  were  deteralned  In  Reference  1*  Section  3. 

41  NEG*Ne9l Igible  value  for  risk  ruction  factor  (>0.95). 

51  IND- laprovcaent  not  discernible. 

6)  NA-Not  applicable  since  aethod  was  caaaonly  used  when  risks  were  deteralned  In  Reference  1,  Section  3. 

* Costs  are  uncertain  because  no  Inspection  pigs  are  available  for  54-Inch  diaaeter  pipelines.  Higher  rental  or  service  costs 
nay  be  required  to  help  defray  coaierclal  costs  of  building  an  Inspection  pig  for  such  Halted  usage. 
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above  the  pipeline  and  by  mapping  the  pipeline  location.  Thus  if  the 
pipeline  is  unprotected  by  soil  coverage  or  poorly  supported  because 
of  scour,  immediate  coverage  of  unprotected  areas  can  be  carried  out. 

The  general  survey  could  consist  of  inspecting  the  pipeline  a number  of 
times  a year  with  a towed  fish  that  contains  both  a side-scan  sensor 
for  detecting  bare  spots  and  a penetrating  sonar  with  standard  echo 
to  measure  overburden.  If  either  bare  spots  or  unsafe  soil  levels  are 
detected,  a standard  survey  with  a submersible  or  remotely  piloted 
vehicle  could  be  used  to  look  more  closely  at  questionable  areas. 

Then,  if  needed,  diver  inspection  of  the  pipeline  using  non-destructive 
testing  or  special  methods  for  detection  of  external  damage,  corrosion, 
defective  welds  and  cathodic  inspections  can  be  carried  out.  A general 
survey  can  potentially  be  carried  out  by  an  ultrasonic  imaging  inspec- 
tion pig  [currently  under  development  - Table  3 Part  3.2.1(g)]  if  the 
device  were  modified  to  include  depth  of  soil  and  pipeline  bare  spot 
inspection.  A continuously  monitoring  acoustic  system  could  be  used 
to  detect  and  locate  external  impacts  such  as  anchor  dragging  that 
occur  before  rupture. 

Other  approaches  are  either  to  detect  the  location  of  a leak, 
before  it  grows  to  a critical  size  and  causes  a catastrophic  failure, 
or  to  detect  and  locate  the  rupture  quickly  in  order  to  shut  the 
system  down  so  repair  of  the  leak,  containment  and  removal  of  the  oil 
spilled  can  be  carried  out.  Continuously  monitoring  systems  that  are  per- 
manently installed,  such  as  the  acoustic  array  or  shroud  with  an  EMP  pulsed 
coaxial  cable,  could  be  used  to  immediately  detect  and  locate  small  leaks  or 
ruptures.  A highly  accurate  (0.1%)  continuously  monitoring  control  system 
that  uses  a mathematical  modeling  approach  and  requires  the  monitoring 
of  various  parameters  of  the  input,  output  and  at  various  locations  along 
the  pipeline  can  be  effective  in  detecting  ruptures  or  detecting 
medium-sized  leaks  that  may  lead  to  rupture.  A conventional,  accurate 
(1%)  OTS  control  system  that  continuously  monitors  flow,  pressure  and 
volume  at  the  input  and  output  of  the  pipeline  would  be  much  less 
sensitive  but  could  detect  rupture.  Neither  type  of  control  system 


could  provide  the  location  of  rupture  so  that  leak  location  jnethods  would 
be  required.  Inspection  pigs  can  be  effective  in  detecting  and  loca- 
ting small  leaks  or  defective  areas  that  can  lead  to  rupture.  They  must 
be  periodically  sent  through  the  pipeline.  An  ultrasonic-imaging 
type  inspection  pig  currently  under  development,  if  successful,  will 
considerably  improve  the  effectiveness  of  pipeline  inspection.  Cost 
considerations  generally  prevent  enough  frequent  pig  inspections  to 
provide  optimum  incipient  failure  detection.  A large  array  of  con- 
tinuously monitoring  buoy  oil-spill  detectors  (currently  only  in  situ- 
type  are  available  but  unproven  in  DWP  environment)  can  be  used  to  detect 
and  locate  small  leaks  or  to  detect  rupture  only  after  they  occur. 
Considering  the  large  length  of  pipeline,  ocean  currents,  etc.  , the 
probability  of  detecting  small  leaks  or  quickly  detecting  ruptures  is 
quite  low.  However,  an  array  of  buoy  oil -spill  detectors  each  with 
wide  inspection  area  coverage  would  be  very  effective.  These  wide  area 
buoy  detectors  (scanning  type)  are  only  in  the  feasibility  stage. 

Their  effectiveness  may  be  a considerable  improvement  over  that  of  other 
detectors,  but  development  and  detector  costs  may  be  too  high  from 
a cost-effectiveness  viewpoint.  Other  methods  currently  available 
may  be  more  cost-effective.  They  may,  however,  warrant  considerations 
as  backup  or  redundant  detection  systems.  Periodic  surveys  using  a 
towed  fish  instrumented  with  a hydrocarbon  sniffing  probe  can  be  used 
for  detection  and  location  of  small  leaks.  Less  effective  techniques 
include  the  following:  hydrostatic  tests;  a passive  acoustic  sensor 
hand  held  by  a diver  or  installed  in  a towed  fish  to  locate  the  sounds 
emitted  from  a small  leak  (this  method  may  be  useful  in  locating  a known 
rupture);  dye  insertion  into  the  pipeline;  reflected  pressure  wave; 
corrosion  flow  sampling  program.  Visual  inspections  by  air  from  heli- 
copters, etc.,  for  detection  of  bubbles  or  oil  can  be  carried  out  but 
would  provide  little  or  no  detection  of  small  leaks  and  can  not  be 
carried  out  often  enough  to  provide  sufficient  time  to  prevent  a major 
spill.  Night  inspections  would  be  very  difficult  unless  visual  in- 
spections were  supplemented  by  very  costly  remote  sensing  methods. 
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A double  walled  pipe  could  greatly  reduce  rupture  and  could  provide  easy 
detection  of  leakage,  but  the  costs  for  a long  pipeline  would  be  obviously 
too  high  for  practical  implementation. 

Yearly  hydrostatic  testing  when  used  with  the  acoustic  array 
(see  Reference  5)  provides  a much  greater  improvement  in  incipient  failure  de 
tection.  This  occurs  because  the  acoustic  array  can  detect  and  locate 
flaws  by  monitoring  acoustic  emission  signals  generaged  from  flawed 
areas  in  the  pipeline  when  the  stress  levels  in  the  pipeline  are  in- 
creased. In  addition,  acoustical  sounds  generated  from  small  leaks  at 
high  pressure  can  be  detected.  These  leaking  areas  may  not  be  detec- 
table at  normal  operating  conditions.  Undersea  hydrostatic  testing  is 
not  normally  very  effective  because  leak  sources  are  very  difficult  to 
detect  and  small  leaks  along  the  pipeline  cannot  be  detected  by  con- 
ventional pressure-monitoring  methods.  There  is  some  concern  by  pipe- 
line operators  that  a hydrostatic  test  may  cause  rupture.  This  may  be 
true  for  older  pipelines  or  in  cases  where  excessive  hydrostatic  pressures 
are  applied.  However,  the  risk  is  extremely  low  for  new  pipelines  at 
reasonable  hydrostatic  pressures. 

Corrosion  and  defective  welds  are  identified  in  Reference  1 
and  Table  4-1  as  the  cause  of  a high  frequency  of  low  volume  oil -spill 
incidents.  Periodic  inspections  using  inspection  pigs  (primarily 
magnetic  flux-type  with  TV  camera  or  passive  acoustic  with  TV  camera) 
appear  to  be  one  of  the  better  ways  of  providing  incipient 
failure  detection.  Hydrostatic  tests  which  monitor  the  pressure  drop 
are  simple  and  provide  some  incipient  failure  detection.  A corrosion 
flow-sampling  program  also  appears  to  provide  some  incipient  failure 
detection,  but  the  method  generally  can  only  provide  corrosion  trends 
in  the  pipeline.  A towed  fish  with  a hydrocarbon  probe  appears  to  be  useful 
in  detecting  and  locating  the  small  leaks  that  occur  from  weld  or  corrosion 
defects.  However,  the  inspection  must  be  carried  out  frequently  to  be  very 
effective.  A continuously  monitoring  passive  acoustic  array  can  provide 
some  incipient  failure  detection  because  sufficiently  large  leaks  can  be 
detected  and  located.  Inspections  by  divers  or  divers  in  submersibles 
similar  to  those  described  previously  must  be  carried  out  when  a leak  or 
other  incipient  failure  is  detected. 
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Cathodic  protection  inspection  should  be  carried  out  using 
manufacturer  recommended  inspection  schedules.  Methods  typically 
used  would  include  measurement  of  electric  potentials,  electric  con- 
tinuity, measurement  of  anodes  for  the  amount  of  wastes,  visual  ex- 
amination, photographs  and  the  noting  of  corrosion  and  marine  growth. 

4 . 4 . 4 . 2 Estimation  of  Risk  Reduction  Achievable  by 

Inspection  of  Undersea  Pipelines 

Rupture  of  the  undersea  pipelines  can  result  both 
from  deterioration  and  from  "third  party"  damage.  The 
latter  can  be  largely  prevented  by  maintaining  a sufficient  depth  of 
soil  over  the  pipeline.  Sonar  techniques,  sidescour  and  penetrating, 
and  mapping  the  pipeline  could  help  detect  the  loss  of  soil  cover  via 
erosion  or  scour.  The  former  techniques  utilized  in  a bimonthly  survey 
for  this  purpose  were  judged  to  have  a risk  reduction  factor*  of  0.1 
whereas,  the  mapping  technique  was  judged  to  have  a risk  reduction 
factor  of  only  0.9. 

Neither  a control  system  capable  of  monitoring  the  flow  to  an 
accuracy  of  1 percent,  nor  a system  supplemented  with  mathematical  analysis 
were  judged  to  give  large  reductions  in  risk.  The  reason  for  this  is 
that  they  can  detect  only  the  loss  of  a relatively  large  amounts  of 
oil  after  the  rupture  has  occurred.  Risk  reduction  factors  of  0.9  and 
0.5  were  assessed  for  the  former  and  latter  systems,  respectively. 

Three  methods  listed  in  Table  4.5  are  capable  of  detecting 
incipient  failures  occur ing  because  of  deterioration.  A risk  reduc- 
tion factor  of  0.3  was  assessed  for  the  EMP  pulsed  coaxial  cable  and  a 
factor  of  0.9  was  assessed  for  an  inspection  pig  used  twice  a year. 

A greater  reduction  in  risk,  a risk  reduction  factor  of  0.1,  was 
assessed  for  the  passive  acoustic  array.  The  reason  for  this  is  its 
ability  to  immediately  detect  and  locate  "third  party"  damage  (e.g., 
a dragging  anchor)  to  the  pipeline. 

*The  risk  of  oil  spills,  after  applying  the  inspection  method,  is 
the  product  of  this  factor  and  the  risk  value  with  no  inspection 
(Reference  1,  Table  3-14). 
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Yearly  hydrostatic  testing  of  the  pipeline  was  judged  to  be 
capable  of  detecting  incipient  failure  effectively.  However,  if  used 
with  an  acoustic  array  a much  greater  effectiveness  can  be  achieved 
since  the  pipelines  response  to  changes  in  stress  levels  can  be  monitored 
and  located.  The  risk  reduction  for  these  two  methods  is  0.5  and  0.1, 
respectively. 

Leaks  caused  by  corrosion  and  by  the  failure  of  welded 
seams  and  joints  can  be  detected  at  early  stages  by  a number  of  tech- 
niques. For  these  purposes  risk  reduction  factors  were  assessed  as 
indicated  in  Table  4.5  for  the  following  methods:  inspection  pig, 
twice  yearly,  for  both  corrosion  and  welds;  sampling  for  corrosion  pro- 
ducts in  the  flow;  passive  acoustic  array  for  both  types  of  leaks; 
hydrostatic  tests  of  the  pipeline  once  a year;  hydrocarbon  probe; 
hydrostatic  tests  with  passive  acoustic  array,  passive  ultrasonics. 

The  estimations  of  the  reduced  volumes  of  oil  spilled  were 
based  on  the  following  data.  From  Table  3.14  of  Reference  1,  ruptures 
of  the  pipeline  contribute  a risk  of  1,000  bbls/year  and  leaks  contribute 
34  bbls/year.  Further,  it  was  assumed  that  40  percent,  400  bbls/year, 
of  the  rupture  risk  is  caused  by  "third  party"  damage  and  the  remainder, 
600  bbls/year,  is  caused  by  deterioration  (Section  3.2,  Reference  1). 

As  an  example  of  the  calculation  of  reduced  volumes  of  oil  spilled, 
the  sonar  techniques  affect  only  the  possible  rupture  by  "third  party" 
activities,  and  the  result  is: 

(1-0.1)  [400  (rupture  damage)]  = 360  bbls/year. 

The  system  risk  reduction  factor  is: 

1034-360  _ „ , 

1034  - • 

For  another  example,  the  passive  acoustic  array  was  judged  to  be 
effective  for  all  types  of  ruptures  and  hence  the  reduced  oil  spill 
risk  is 

(1-0.1)  [1000  (all  ruptures)]  = 900  bbls/year . 
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The  system  risk  reduction  factor  is 


1034-900 

103'4'  ■ 


= 0.1 . 


4.4.5  SALM  SPM 

4. 4. 5.1  Preliminary  Selection  of  Inspection  Methods 

Oil  spills  (Table  4-1)  occur  frequently  for  the  SALM  SPM 
unit,  but  actual  oil  spill  risks  are  small,  only  about  30  barrels  per 
year  according  to  Section  3 of  Reference  1 because  the  nominal  size  of 
each  spill  is  small.  The  spill  data  are  based  upon  the  use  of  6 SPMs 
(see  Section  3.4)  for  either  of  two  types  of  operation: 


(1  ) Each  SPM  is  used  in  sequence  and  the  time  each  ship 
is  berthed  is  20-24  hours; 

(2)  Four  SPMs  are  regularly  used  and  2 are  used  during 
emergencies  or  during  repair  of  the  other  4. 


Water  depth  is  expected  to  be  less  than  150  feet.  The  oil  leaks  (Fault 
Tree  C in  Reference  1)  are  expected  to  occur  primarily  from  ship  collision 
and  seals  of  the  liquid  swivel  assembly.  Minor  sources  of  leaks  include 
the  PLEM,  valves  and  piping.  A major  source  of  oil  spill  risk,  about 
150  barrels  per  year  (included  as  part  of  "hose  strings  during  off- 
loading, ruptures",  in  Table  4-1),  occurs  via  the  failure  of  the  SALM's 
mooring  system,  ship  breakout  and  then  hose  rupture.  Although  this 
event  is  infrequent  (about  0.02  per  year),  the  oil  spill  risk  is  high 
because  of  hose  rupture.  Based  upon  the  information  presented  here 
and  in  previous  sections,  only  a few  inspection  methods  were  selected. 
Table  4-6  shows  the  selection  inspection  methods  with  inspection  interval, 
estimated  costs,  risk  reduction  factors  and  effectiveness.  Selected 
inspection  methods  for  specific  SALM  components  are  noted  in  Table  3-4. 

The  most  effective  inspections  of  the  SALM  SPM  are  diver 
visual  and  NOT  inspections  (see  Table  3-4  and  Section  5.1)  carried 
out  on  the  external  structure  from  the  mooring  buoy  to  the  PLEM. 
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TABLE  COST-EFFEaiVEMESS  ANALYSIS  FOR  SALH  SPH 


Inspection  Method 

OTS  caM>0NCNT 

or 

Replacement 

Ritk  RMuctton 


Effectiveness  (6) 
011(5) 

Saved  Cost  1 

Hrrtis 

Oil 

Mrrcis 

TJKT" 

CoBmnts 

NOTI:  p)  Inptctlon  or  rtplocMont  cost  cstiMtos  lMto4  on  J«(r1y  costs  Mortticd  ovtr  • ton-ycor  ptrlod. 

it)  Risk  of  oil  spills,  oftor  applying  tht  Inspection  aathod.  Is  the  product  of  this  factor  and  the  risk  value  irfth  no 
Inspection  (Reference  1,  Tabic  3>l4).  Risk  reduction  factor  Is  estimated  for  the  coa^onent  (If  appropriate,  also 
for  Indicated  failure  mode)  and  for  the  OTS  systma  that  Includes  the  coaiponent. 

(1)  RI-Ro  leprovament  In  risk  reduction  because  method  mas  coaaionly  used  Mhen  risks  mere  determined  In  Reference  1,  Section  1. 
>51  '^^••••Rl'glble  value  for  risk  reduction  factor  (>0.95). 


jjl  RfS-hegllglble  value  for  risk  re 
(Si  IRO-Iaprovament  not  discernible. 
«)  RA-Not  applicable  since  method  a 


Rot  applicable  since  method  aas  comnonly  used  idien  risks  acre  determined  In  Reference  1,  Section  9. 
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Inspections  are  made  primarily  on  components  that,  if  broken,  may 
cause  ship  breakout  and  result  in  hose  rupture.  These  components 
include  the  center  shaft  extension,  buoy  universal  Joint,  anchor  chain 
attachment  bracket,  anchor  chain,  chain  swivel,  shaft  universal  joint, 
connector  universal  joint  to  the  fluid  swivel  and  bolts.  Particularly 
effective  NOT  inspection  techniques  in  addition  to  visual  include  magneti 
foil  or  magnetic  rubber,  radioactive  isotopes,  active  ultrasonics, 
seal  leak  detectors,  tightness  of  bolts  (torque),  size  measurements 
(particularly  of  chains  or  chain  elements)  and  cathodic  protection 
inspections. 

Other  particularly  sensitive  inspection  methods  would  be 
to  use  dye  tracing  to  inspect  for  leaks  in  the  fluid  seals  and  hose 
arm  seals.  A typical  procedure  would  be  to  install  a container  over 
the  swivel  assembly  or  hose  arm,  insert  a fluorocarbon  dye  under 
pressure  into  the  OTS  component  and  then  pump  the  sampled  water  up 
a tube  to  a fluorometer  detector  in  a boat. 

Other  less  effective  inspection  methods  include  acoustic 
array,  shroud  with  EMP  pulsed  coaxial  cable  and  optical  borehole 
inspection  of  the  PLEM  chamber  or  base  hose.  The  reason  that  these 
methods  are  not  too  useful  for  SALM  SPM  applications  is  that  oil 
spills  from  the  OTS  system  components  occur  from  very  slow  leaks 
primarily  at  the  seals  and  these  inspection  methods  are  not  very  sen- 
sitive to  those  leaks  or  cannot  be  applied  to  those  components. 

Other  inspection  methods  were  already  in  use  during  the  time 
period  when  the  data  were  obtained  and  used  for  the  determination  of 
oil  spill  risks.  Hence,  these  methods  provide  no  improvement  in  risk 
reduction.  These  methods  include  visual  by  diver,  buoy  position 
location,  manufacturer  recommended  inspections,  hydrostatic 
(pressure  drop),  scour,  and  mapping  of  the  buoy  or  mooring  base 
location. 


4. 4. 5. 2 Estimation  of  Risk  Reduction  Achievable  by 

Inspection  of  the  SALM  SPM' 

The  primary  source  of  oil  spill  risk,  about  150  barrels  a year, 
is  the  failure  of  the  mooring  system  which  causes  ship  breakout  and 
results  in  hose  rupture.  An  effective  inspection  of  the  mooring  system 
components  is  their  periodic  visula  and  non-destructive  examination. 

The  risk  reduction  factor  assessed  for  this  is  0.1.  Thus  for  periodic 
inspection  using  visual  and  NOT  the  reduced  risk  of  barrels  of  oil 
spilled  is: 

(1-0.1)  [150  (rupture  prevention)]  = 140  bbls/year. 

The  risk  of  spills  from  failure  of  other  SALM  SPM  components 
is  estimated  at  a total  of  30  bbls/year.  Spill  risks  from  the  fluid 
swivel  assembly  and  hose  are,  each  estimated  at  15  bbls/year.  Spill 
risks  for  the  remaining  components  are  estimated  to  be  less  than  a 
barrel.  Inspection  of  the  fluid  swivel  seals  by  dye  tracing  is 
estimated  to  have  a risk  reduction  factor  of  0.5.  Hence,  the  reduction 
in  barrels  spilled  is : 

(1-0.5)  [15  (leak)]  = 8 bbls/year. 

4.4.6  CALM  SPM 

4. 4. 6.1  Preliminary  Selection  of  Inspection  Methods 

Oil  spill  risks  for  the  CALM  SPM  according  to  Section  3 
of  Reference  1 occur  primarily  from  failure  of  the  underbuoy  hoses 
(786  barrels  per  year)  and  to  a much  lesser  amount  (about  55  barrels 
per  year)  from  leaks,  mainly  from  the  seals  of  the  product  distribu- 
tion unit.  The  risk  data  are  based  upon  the  same  number  of  SPMs 
and  operational  conditions  as  assumed  for  the  SALM  described  in 
Section  4. 4. 5.1.  Inspection  method  selection  was  based  upon 
information  presented  here  and  in  previous  sections  (from  the 
CALM  configuration  in  Section  3-5,  underwater  hose  string  inspection 
method  selection  in  Section  4.4.1  and  from  selection  of  SALM  SPM 


I 
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inspection  methods  in  Section  4.4.5).  Table  4-7  shows  the  selected 
inspection  methods  with  inspection  interval,  estimated  costs,  risk 
reduction  factors  and  effectiveness.  Selected  inspection  methods 
for  specific  OTS  components  of  the  CALM  SPM  are  noted  in  Table  3-5. 

Inspection  methods  for  the  underbuoy  hose  string  are  essen- 
tially the  same  as  the  ones  discussed  in  Section  4.4.1  and  will  not 
be  repeated  here. 

The  most  effective  inspection  method  for  the  CALM  SPM  are 
visual  and  NOT  inspections  (see  Table  3-5  and  Section  5.1)  carried  out 
on  the  internal  structure  of  the  mooring  buoy.  Particularly  sensitive 
NOT  inspection  methods  include  active  ultrasonics,  X-ray,  radioactive 
isotopes,  magnetic  particle,  seal  leak  detection,  tightness  of  bolts 
and  cathodic  protection  inspection. 

Other  inspection  methods  and  procedures  for  the  OTS  components 
of  the  CALM  SPM  are  essentially  the  same  as  those  described  for  the 
SALM  SPM  and  will  not  be  repeated  here.  These  inspection  methods, 
however,  are  given  in  Section  5.1  and  Table  3-5. 

4. 4. 6. 2 Estimation  of  Risk  Reduction  Achievable  by 

Inspection  of  the  CALM  SPM 

According  to  Table  3-14  of  Reference  1,  the  highest  risk 
of  oil  spills  for  the  CALM  SPM  stems  from  failures  of  the  underbuoy 
hoses.  Inspection  techniques  applicable  to  this  component  are  the  same 
as  those  for  the  floating  hoses.  Moreover,  the  risk  reduction  factors 
assessed  for  inspection  of  the  floating  hoses  are  assumed  to  be  the 
same;  these  are  listed  in  Table  4-7. 

The  risk  of  spills  from  the  failure  of  the  other  components 
of  the  CALM  is  much  less  and  arises  primarily  from  leaks.  From  the 
Fault  Tree  D1  in  Reference  1,  the  principle  sources  of  leaks  are  the 
seals  of  the  product  distribution  unit  and  damage  inflicted  by  a ship 
collision.  Lesser  sources  of  leaks  include  the  PLEM,  valves  and  the 


TABLE  H-7  COST-EFFECTIVENESS  ANALYSIS  FOR  CALN  SPM 


OTS  COMPONENT 


(A)  MOORING  BUOY 


ExtcriMl  Structure 
Nevlutlon  light 
Fog  Slgntl 
Hull 
Fenders 
luoy  Anooes 
Hoisting  Equlpaent 
Minch 


Internal  Structure 
Product  distribution 
unit 
Flanges 
Seals 
Gaskets 
Piping 
Valves 

Rotating  deck 

Brackets 

Poxer  supply 

Fog  signal 

Piaaps 

Motors 

Bolts 


(B)  UNDERSUOY  HOSE  STRING  DURING 
OFFLOADING 


Hoses  (Including  Nipples, 
Flanges,  Gaskets  and  Bolts 


All  Other  Conponents 


NOTE;  (1)  Inspection  or  replacenent  cost  estimates  based  on  yearly  costs  amortized  over  a ten-year  period. 

(2)  Risk  of  oil  spills,  after  applying  the  Inspection  method.  Is  the  product  of  this  factor  and  the  risk  value  «1th  no 
Inspection  (Reference  1,  Table  3-14).  Risk  reduction  factor  Is  estimated  for  the  component  (If  appropriate,  also 
Indicated  failure  mode)  and  for  the  OTS  system  that  Includes  the  component. 

!3)  NI-No  Improvement  In  risk  reduction  because  method  uas  connonly  used  ohen  risks  mere  determined  In  Reference  1,  Section  3. 
4)  NEG-Negllgible  value  for  risk  reduction  factor  (>0.95). 

S)  INO- Improvement  not  discernible. 

i)  NA-Not  applicable  since  method  mas  coiaaonly  used  mhen  risks  mere  determined  In  Reference  1,  Section  3. 


piping.  An  effective  inspection  of  these  components  is  periodic  checks 
using  visual  and  non-destructive  methods.  The  risk  reduction  factor 
assessed  for  these  is  0.4. 

The  estimation  of  the  reduced  volume  of  oil  spilled  was 
based  on  the  following  data  (Table  3.14,  Reference  1).  The  risk  of 
rupture  of  the  underbuoy  hoses  is  750  bbl s/year  and  the  risk  of  leaks 
from  these  hoses  is  36  bbl s/year.  The  risk  of  leaks  from  the  other 
components  is  30  bbls/year.  Of  the  750  bbls/year  rupture  risk,  250 
bbl s/year  Is  associated  with  an  assumed  one-minute  rupture  detection 
time.  Reliable  and  immediate  detection  of  a rupture  could  reduce  the 
spill  risk  that  much.  Thus,  a control  system  with  1 percent  accuracy 
has  a 90  percent  effectiveness  (Table  4.7)  for  immediate  leak  de- 
tection and  warning.  Hence,  the  reduced  barrels  spilled  is 

(1-0.1)  [250  (rupture  detect)]  = 220  bbls/year. 

The  system  risk  reduction  factor  is 

816-220  _ n , 

816  “ 

where  750  + 36  + 30  = bbls/year  is  the  total  system  risk. 

As  another  example,  the  passive  acoustic  array  is  effective 
as  an  incipient  leak  detector  for  the  underbuoy  hoses.  Hence,  the 
reduced  barrels  spilled  is 

(1-0.1)  [36  (leaks)  + 750  (ruptures)]  = 710  bbls/year. 

The  risk  reduction  factor  for  the  system  is 

816-710  _ n 1 

816  ■ 

For  non-destructive  testing  of  the  PLEM,  valves,  piping  and  PDU,  the 
reduced  risk  of  spills  is 

(1-0.4)  [30  (leaks)]  = 18  bbls/year. 

The  corresponding  risk  reduction  factor  for  the  system  is 


816-18 

“srr 


= 0.98  bbls/year,  which  is  negligible. 


|M. 
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4.4.7  Offshore  Platform  and  the  Pumping  and  Metering  Systems 
4. 4. 7.1  Preliminary  Selection  of  Inspection  Methods 

Oil  spill  risks  are  quite  low  (a  few  barrels)  as  shown  in 
Table  4-1  for  the  offshore  platform  and  the  pumping  and  metering  sys- 
tems. However,  these  low  risks  were  determined  in  Section  3 of  Re- 
ference 1 assuming  that  both  a Spill  Prevention  Countermeasure  and 
Control  (SPCC)  program  were  in  effect  and  that  a number  of  inspections 
were  being  carried  out.  These  assumptions  were  used  in  the  selection 
of  the  inspection  methods.  They  are  given  in  Table  4-8  with  inspection 
intervals,  estimated  costs  and  risk  reduction  factors.  Selected  in- 
spection methods  are  also  noted  in  Table  3-6  for  the  specific  OTS 
components.  For  most  of  these  OTS  components,  inspection  methods 
and  procedures  generally  used  at  well  maintained  offshore  platforms 
are  adequate,  and  new  or  developmental  inspection  methods  will  not 

appreciably  decrease  the  oil  spill  risk.  This  becomes  apparent  both  in 
Table  4-8,  where  only  a few  new  or  developmental -type  inspection  methods 
are  selected,  and  in  the  recommended  inspection  methods  and  inspec- 
tion schedules  given  in  Section  5.1.  A discussion  of  areas  where  some 
of  the  selected  inspection  methods  may  reduce  the  risk  or  reduce  the 
inspection  costs  are  incluJed  in  the  following  paragraphs. 

Underwater  inspections  of  the  platform  support  are  essential 
but  costly  because  of  the  large  area  of  platform  structure  that  must 
be  inspected.  Lower  inspection  costs,  wider  area  of  coverage,  md 
continuous  inspection  at  critical  areas  of  the  structure  are  the 
potential  advantages  of  an  acoustic  array.  Improvements  in  risk 
reduction  by  the  acoustic  method  would  be  small,  at  best,  and  probably 
would  not  be  discernible.  It  appears  feasible  that  a continuously 
monitoring  acoustic  array  system  (see  Reference  47)  can  be  used  to  detect 
and  locate  crack  extensions  due  to  fatigue  and  then  to  evaluate  fatigue 
cracks  growing  on  the  offshore  platform.  In  addition,  it  appears  that 
corrosion  products  accumulated  on  crack  surfaces  also  can  be  detected 
and  located.  Experimental  acoustic  systems  are  being  used  currently 
on  a few  platforms  in  Europe.  ^ 

I 

1 
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OTS  CONPONENT 


■A)  PUTFORM  SUPPORT 


T/ttlf  «-8  COST-EFFEaiVEHESS  /WALYSIS  FOR  OFFSHORE  PIATFORT 
AND  THE  PUMPING  AND  HETERING  SYSTEM 


Iittptctlon  Nittod 
or 

Rtplacaant 


(8)  PUTFORM  SUPPORT 

(Eirthqutke  Structural 
Daaaga) 


(C)  SHIP  NAVIGATIONAL  AID 

Visual 
Radar 
Laser 
Sonar 
Mlcronare 
F09  horns 
Lights 
HI  sc. 


(0)  FIRE  PROTECTION  SYSTEM 

Gas  datactors 
Fire  detectors 
Oil  spill  detectors 
Sprinklers 

Flrmater  piaap  . Station 

Pumps 

Foam 

Fire  eatingulsher 
Rise. 


Recommended  NOT 
(Inspection  schedule 
see  Section  i.Z  and 
Table  3-6) 


NA 

NA 

N1 

NA 

NA 

NI 

NCG 

NEG 

IND 

NOTE:  (1)  Inspection  or  replacement  cost  estimates  based  on  yearly  costs  amortlied  over  a ten-year  period. 

(2)  Risk  of  0II  spills,  after  applying  the  Inspection  method.  Is  the  product  of  this  factor  and  the  risk  value  with  no 
Inspection  (Reference  1,  Table  3-14.  Risk  reaction  factor  It  estimated  for  the  component  (If  appropriate,  alto 
Indicated  failure  mode)  and  for  the  OTS  system  that  Inclu^t  the  component. 

i3)  NI-No  Improvement  In  risk  reduction  because  method  was  coamonly  used  idwn  risks  were  determined  In  Reference  1,  Section  3. 
4)  NEG-Negllgible  value  for  risk  reduction  factor  (>0.95). 

5)  I NO- Improvement  not  discernible. 

t)  NA-Not  applicable  alnce  method  was  coamonly  used  when  risks  were  detensined  In  Reference  1,  Section  3. 

* Coat-effectiveness  analysis  assumes  that  a Spill  Prevention  Counter  Haasure  and  Cental  (SPCC)  program  Is  tarried  out'. 
This  Includes,  for  eaample,  curbing  of  platform  to  contain  oil  leakage. 
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TABLE  4-8  (Continued) 


[ Oil  spill  detectors  located  on  the  platform  can  be  used  to 

continuously  monitor  the  water  around  and  under  the  platform  for 
[ spills  from  the  waste  disposal  system.  Less  effective  in  situ  buoy- 

i type  oil  spill  detectors  can  be  installed  in  the  water  near 

potential  spill  areas  of  the  platform. 

Passive  acoustic  array  can  be  especially  effective  in  pro- 
viding incipient  failure  detection  if  it  is  used  during  hydrostatic 
proof  tests  to  detect  and  locate  internal  defects  that  can  lead  to 
■ leaks  or  rupture  and  which  can  not  be  detected  by  other  NDT  tests. 

This  can  be  effective  in  reducing  component  risks  when  used  for  any 
of  the  tanks  and  piping  on  the  platform. 

Machinery  monitoring  for  internal  damage  can  be  accomplished 
using  vibration  monitoring  systems  (acoustic,  strain  or  acceleration) 
or  magnetic  chip  monitoring.  These  methods  can  reduce  maintenance  and 
repair  costs  and  can  provide  some  component  risk  reduction  but  cannot 
provide  system  risk  reductions  that  are  discernible. 

4.4. 7.2  Estimation  of  Risk  Reduction  Achievable  by  Inspection 
i of  the  Offshore  Platform  and  the  Pumping  and  Metering 

Systems 

Oil  spill  risks  for  the  offshore  platform  and  the  pumping  and 
metering  systems  are  almost  negligible.  Inspection  methods  and  effect- 
iveness values  are  included  in  Table  4-8  and  will  not  be  discussed  fur- 
ther in  this  section.  Recommended  inspection  methods,  however,  will 
’ be  given  in  Section  5.1. 

4.4.8  Onshore  Pipeline  and  Appurtenances 

4.4.3. 1 Preliminary  Selection  of  Inspection  Methods 

Another  major  source  of  potential  deepwater  port  oil  spillage 
is  caused  by  onshore  underground  pipelines.  The  risk  is  about  the 
same  as  for  the  undersea  pipeline.  This  is  apparent  from  the  results 
given  in  Section  3 of  Reference  1 and  those  shown  in  Table  4-1. 

It  was  assumed  that  three  pipelines,  56  inches  OD,  about  21  miles  long 
and  buried  about  3 feet,  would  be  used.  Other  OTS  pipeline  components  and 
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appurtenances  are  given  in  Section  3.7.  A number  of  inspection  methods 
were  selected  for  further  evaluation  for  the  following  reasons: 

1)  high  spill  risk,  2)  pipeline  dimensions,  3)  information  presented 
in  previous  sections,  and  4)  the  availability  of  many  suitable  inspec- 
tion methods.  Selected  inspection  methods  are  shown  together  with 
inspection  intervals,  estimated  costs,  risk  reduction  factors  and  effective- 
ness in  Table  4-9.  Selected  inspection  methods  for  specific  OTS  components 
of  the  onshore  pipeline  and  appurtenances  are  identified  in  Table  3-7. 

Onshore  underground  pipeline  rupture  is  the  major  source 
of  oil  leakage  in  the  pipeline  primarily  because  of  the  large  volume 
of  oil  that  can  be  spilled.  Inspections  can  be  carried  out  that  could 
reduce  the  frequency  of  rupture  significantly.  A major  cause  of  under- 
ground pipeline  rupture  is  external  impacts  such  as  excavating  errors, 
or  unauthorized  or  unsafe  activities  above  or  near  the  pipeline.  An 
approach  to  reduce  the  frequency  of  rupture  is  to  periodically  survey 
the  ground  above  the  pipeline.  This  can  be  done  either  by  air,  using 
a helicopter,  or  on  land,  simply  by  a man  walking  along  the  line. 

Helicopter  inspection  costs  would  be  minimal  because  these  inspections 
could  be  carried  out  during  daily  flights  of  personnel  or  equipment 
from  the  onshore  terminal  to  the  pumping  platforms.  A continuously 
monitoring  acoustic  array  could  be  used  to  detect  and  locate  external 
impacts  before  rupture. 

Another  approach  to  rupture  is  either  to  detect  the  location 
of  a leak  before  it  grows  to  a critical  size  and  causes  a catastrophic 
failure,  or  to  detect  and  locate  the  rupture  quickly  in  order  to  shut 
the  system  down  for  containment  and  removal  of  the  spilled  oil.  Con- 
tinuously monitoring  of  a permanently  installed  acoustic  array  or  a 
shroud  with  an  EMP  pulsed  coaxial  cable  system  could  be  used  to  detect 
and  locate  small  leaks  or  ruptures.  A highly  accurate  (0.1%)  OTS  control 
system  that  uses  a mathematical  monitoring  approach  and  monitors  various 
parameters  of  the  input  and  output  of  the  pipeline  can  be  effective  in 
indicating  a rupture  or  detecting  a large  leak. 
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■Tt:  (1)  IwpKttM  ar  raalKmnt  coit  MtiMtn  biMd  on  jroorly  cotti  aaortiitd  over  i ton  yoor  ptrlod. 

(2)  R1U  of  oil  iOlllo,  oftor  opolyino  tno  tntooctlon  ■othod,  1i  tho  product  of  Mill  factor  and  ttio  riot  voluo  with  no 
Inopactlan  (Hoforonco  1,  Tablo  1-I4.  PItk  roductlon  factor  It  attlaitad  for  tha  coaiponant  (If  appropriata,  alto 
Indicatad  faDura  aoda)  and  for  tha  OTS  tyttaai  that  Includat  tha  conponant. 

I)  Pl-Pa  Iwproi— nt  In  rlit  raductlan  bacauta  wathod  not  comnnly  utad  whan  ritkt  wara  dataralnad  In  Pafaronca  1,  Sactlon  3. 
«)  Wt-Pafl l|1hla  valua  for  rlit  raductlan  factor  (>o.9S). 

S)  IPO-lapravawant  not  dltcamlbla. 

()  W-hot  appllcabla  tinea  aathod  oat  conaonly  utad  whan  ritkt  wara  dataralnad  In  hafaranea  1,  Sactlon  3. 

* Cattt  ara  uncaruin  bacauta  no  Inapactlan  pipi  art  currantly  tutUablt  for  S4-1nch  dlaaatar  pipalint.  Mighar  cott  than 
far  Ballar  dlaaatar  plpallaat  ara  aapactad  In  ardor  ta  hatp  dtfray  catt  of  balldlnp  an  Intpactlon  pig  for  llaltad 
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A conventional  and  accurate  (1%)  OTS  control  system  that  continuously 
monitors  flow,  pressure  and  volume  at  the  input  and  output  of  the 
pipeline  would  be  less  sensitive  but  would  detect  a rupture.  Neither 
type  of  OTS  control  system  could  provide  the  location  of  rupture,  so 
leak  location  methods  would  be  required.  Inspection  pigs  (see  also 
Section  4.4.4. 1)  can  be  effective  in  detecting  and  locating  small 
leaks  or  defective  areas  that  can  lead  to  rupture.  Cost  considerations 
generally  prevent  inspections  that  are  frequent  enough  to  provide 
optimum  incipient  failure  detection.  Manned  inspection  pigs  using 
NOT  techniques  can  also  be  used  to  inspect  all  or  a sampling  of  the 
inside  of  the  pipeline.  Cost  considerations  again  generally  prevent 
inspections  that  are  frequent  enough  to  be  very  effective  in  providing 
incipient  failure  detection  of  most  of  the  causes  of  pipeline  rupture. 
Other  potential  but  less  effective  techniques  include  the  following: 
a passive  ultrasonic  sensor  inserted  through  the  ground  onto  the  pipeline 
to  locate  the  sounds  emitted  from  a rupture  or  a large  leak;  dye 
insertion  into  the  pipeline,  particularly  useful  when  a previous  leak 
may  have  already  contaminated  the  earth  around  a leak  area;  hydrostatic 
tests;  crack-reflected  pressure  wave.  A double-walled  pipe  would 
essentially  eliminate  rupture  and  could  provide  for  easy  detection  of 
leaks,  but  costs  are  too  high  for  the  method  to  be  given  serious 
consideration. 

Yearly  hydrostatic  testing  when  used  with  acoustic  array 
provides  a much  greater  improvement  in  incipient  failure  detection 
than  just  using  hydrostatic  testing  by  itself.  This  is  discussed 
for  the  undersea  pipeline  in  Section  4.4.4. 1 and  applies  in  a like 
manner  for  the  underground  pipeline. 

Corrosion  and  defective  welds  are  identified  in  Reference  1 
and  Table  4-1  as  the  cause  of  a high  frequency  of  low  volume  oil 
spill  incidents  for  underground  pipelines.  Risks  are  about  the  same 
as  for  the  undersea  pipeline  discussed  in  Section  4.4.4.  Inspection 
methods  which  appear  to  have  potential  for  risk  reduction  include  a 
number  that  have  been  previously  discussed  for  the  undersea  pipeline. 


These  include:  inspection  pigs,  hydrostatic  pressure  drop,  a corrosion 
flow  sampling  program  and  acoustic  array.  A manned  internal  inspec- 
tion of  the  pipeline  appears  practical  for  underground  pipelines. 

An  approach  would  be  to  inspect  visually  and  with  NDT  sample  sections 
of  the  pipeline.  Methods  ranging  from  a powered  inspection  vehicle 
with  inspectors  and  equipment  to  an  inspector  on  a dolly  could  be 
used.  Highly  reliable  inspection  equipment  such  as  active  ultra- 
sonics, back  Scatter  gamma  ray,  ultrasonic  imaging,  etc.,  could  be 
used.  Access  ports  would  be  required  at  suitable  locations  along 
the  pipeline. 

Cathodic  protection  inspections  should  be  carried  out 
using  manufacturer-recommended  inspection  schedules.  Methods  typi- 
cally used  would  include  measurement  of  electric  potentials,  elec- 
tric continuity,  amount  of  wastage  and  visual  examination  of  external 
damage  or  corrosion. 

Above  ground  pipeline  and  appurtenances  can  be  inspected 
easily  with  good  sensitivity,  high  reliability  and  low  cost  using 
inspection  methods  and  schedules  used  at  well  maintained  onshore 
pipeline  facilities.  Above  ground  inspections  provide  the  oppor- 
tunity to  use  almost  any  non-destructive  inspection  method.  Use  of 
visual,  state-of-the-art  and  new  inspection  methods  such  as  ultra- 
sonic imaging,  seal  leak  detector,  magnetic  rubber  and  external  hy- 
drostatic should  further  reduce  the  risk  of  failure  of  the  pipeline. 
Hydrostatic  tests  of  above  ground  pipelines  could  be  carried  out 
without  the  problem  of  what  to  do  if  a leak  occurs  because  above 
ground  pipelines  can  be  repaired  quickly  and  easily.  Passive  acoustic 
array  can  be  especially  effective  in  providing  incipient  failure 
detection;  this  occurs  when  it  is  used  during  hydrostatic  proof  tests  to 
detect  and  locate  internal  defects  before  leaks  or  potential  failures  can 
occur. 

The  booster  station  selected  inspection  methods  are  about 
the  same  as  for  the  above  ground  pipeline  except  for  the  addition 
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of  continuous  control  system  monitoring  of  critical  booster  station 
components,  vibration  and  magnetic  chip  monitoring. 


4.4.8. 2 Estimation  of  Risk  Reduction  Achievable  by  Inspection 

of  Onshore  Pipeline  and  Appurtenances 

As  for  the  undersea  pipeline,  ruptures  of  the  pipeline  can 
occur  both  from  damage  caused  by  "third  party"  activities  (e.g., 
excavation  and  construction)  and  from  general  deterioration.  Of 
the  inspection  methods  listed  in  Table  4.7,  daily  visual  surveys  of 
the  pipeline  would  be  primarily  effective  against  "third  party" 
damage.  For  this  a risk  reduction  factor  of  0.5  was  assessed. 

A control  system  supplemented  by  mathematical  analysis  of 
the  flow  would  be  a defense  to  limit  the  amount  of  oil  lost  follow- 
ing a rupture;  as  for  the  undersea  pipeline,  a risk  reduction  factor 
of  0.5  was  assessed  for  this  method. 

Use  of  a passive  acoustic  array  could  provide  for  inci- 
pient detection  of  failures  leading  to  ruptures,  immediate  indica- 
tion of  external  damage  and  the  location  of  the  rupture.  For  this 
method  a risk  reduction  factor  of  0.1  was  assessed.  The  EMP  pulsed 
coaxial  cable  was  judged  to  be  somewhat  less  effective  for  the 
detection  of  incipient  failures;  a risk  reduction  factor  of  0.3  was 
assessed.  j 

Yearly  hydrostatic  testing  of  the  pipeline  was  judged  to 
be  capable  of  detecting  incipient  failures  fairly  effectively. 

However,  if  used  with  an  acoustic  array,  a much  greater  effective- 
ness probably  can  be  achieved  since  the  pipeline's  response  to 
changes  in  stress  levels  can  be  monitored.  The  risk  reduction 
factors  assessed  for  these  two  methods  were  0.5  and  0.1,  respectively. 

The  detection  of  leaks  and  incipient  failures  caused  speci- 
fically by  corrosion  and  defective  welds  can  be  accomplished  by  any  of 
several  effective  methods.  Inspection  pigs,  internal  non-destructive 
testing,  acoustic  array  and  hydrostatic  testing  in  conjunction  with 
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an  acoustic  array  were  estimated  to  have  risk  reduction  factors  of 
0.1.  Hydrostatic  testing  alone  and  sampling  of  the  flow  for  corrosion 
products  were  estimated  to  be  less  effective. 

The  estimation  of  the  reduced  volumes  of  oil  spilled 
achieved  because  of  inspection  was  based  on  the  data  listed  in 
Table  3.14  of  Reference  1.  The  spill  risk  from  ruptures  is  1000 
bbls/year,  and  from  leaks  it  is  32  bbls/year.  As  for  the  undersea 
pipelines,  it  was  assumed  that  the  rupture  risk  arises  in  part  from 
"third  party"  damage,  400  bbls/year,  and  in  part  from  deterioration, 

600  bbls/year.  Examples  of  the  calculations  of  the  reduced  volumes 
of  oil  spilled  are  presented  in  Section  4. 4. 4. 2. 

Oil  spill  risks  for  the  above  ground  pipeline  and  booster 
station  are  almost  negligible.  Inspection  methods  and  effectiveness 
values  are  included  in  the  Table  4-4  and  will  not  be  discussed  further 
in  this  section.  Recommended  inspection  methods  and  procedures, 
however,  will  be  given  in  Section  5.1. 

4.4.9  Onshore  Storage  Terminal 

4.4.9. 1 Preliminary  Selection  of  Inspection  Methods 

Oil  spill  risks  are  negligible  (about  0.1  barrels  per  year) 
for  onshore  storage  facilities  as  shown  in  Table  4-1.  These  low 
risks  exist  only  because  the  onshore  storage  terminal  is  assumed  to 
have  a secondary  containment  system,  which  is  typically  a retaining 
dike  around  the  onshore  terminal  limiting  the  possibility  of  oil 
leakage  outside  the  facility.  Hence,  the  only  important  inspection 
methods  for  the  onshore  storage  terminal  are  the  ones  that  are  used 
to  inspect  the  secondary  containment  system.  Inspection  methods 
were  selected  for  OTS  components  shown  in  Section  3.8  and  assuming 
56-inch  OD  pipelines  with  about  10  miles  underground  and  about  1/2  mile 
of  above  ground  piping.  Table  4-10  shows  the  selected  inspection 
methods  together  with  inspection  intervals,  estimated  costs,  risk 
reduction  factors  and  effectiveness.  Selected  inspection  methods 
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for  specific  onshore  storage  terminal  OTS  components  are  noted  in 
Table  3-8. 

4. 4. 9. 2 Estimation  of  Risk  Reduction  Achievable  by  Inspection 
^f  the  Onshore  Storage  Terminal 

Oil  spill  risks  for  the  onshore  storage  terminal  are 
negligible.  Inspection  methods  and  effectiveness  values  are  in- 
cluded in  Table  4-10  and  will  not  be  discussed  further  in  this 
section.  Recommended  inspection  methods,  however,  will  be  given 
in  Section  5.1 . 
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TABLE  A-10  COST-EFFECTIVEHESS  ANALYSIS  FOR  ONSHORE  STORAGE  TERfllNAL' 


OTS  COMPONENT 

Inspection  Natbod 
or 

Raolaceaant 

RHH 

Risk  Reduction 

Factor  (2). (3). (4) 

Effoctlveness  (6) 
011(5) 

Saved  Cost 

CdMcnts 

Hium 

lyTQ^H 

injnrj 

■ nCTr 

SECONIMRT  COHTAIMCNT  SYSTEM 

(A)  DRAINAGE  CONTROL  SYSTEM 

Retalnlnp  dikes 

Gate  valve 

(1)  OTHER  ONSHORE  FACILITY 
COMPONENTS 

Pipe  and  aanifold 

Above  pround 

Corrosion 

Defective  weld 

IbiPture,  daaage,  other 
failure 

Cathodic  protection 
Seals 

Gaskets 

Flanpes 

Valves 

Pipe  and  Manifold  Below 
Ground 

1 Visual 

365 

NA 

NA 

NEG 

N1 

NA 

“1  fisSai 

365 

NA 

NA 

NA 

HI 

NA 

z control  aonT^ 

cont. 

NA 

NA 

NA 

NT 

NA 

3 NOT  Inspection  schedule 
(see  Section  5.2  and 

Table  3-8) 

Ntb 

Htb 

INU 

0 

“1  YTwT 

US 

nA 

NA 

nA 

nA 

~i  Hydrostatlclpressure  drop) 

1 

- 

0.5 

NEC 

“nas 

0 

“3  External  hyorostatlc 

1 

- 

0.2 

NEC 

INB 

0 

4 Acoustic  array 

- 

0.1 

NEG 

IND 

0 

S Z end  4 

- 

O.Z 

Ntb 

INU 

D 

6 Mf  g . recoMNtnded 

Inspections  end  aelnte- 
nence 

NA 

NA 

HA 

NA 

NA 

~1  Nbr  (see  recoaiaended 

schedule  Section  5.2  and 
Table  3-8) 

0.8 

NEC 

InB 

0 

Pipe  and  Mnlfold 
Rupture 

lie)  Visuel 
lb)  Visuel 

365 

26 

NA 

0.5 

NA 

NEG 

NA 

I NO 

NI 

0 

NA 

t trspectlon  pU 

2 

fl.i 

(TT 

INP  .. 

0 

3 Hydrostatic  pressure  drop) 

^ r 

- 

0.5 

NEG 

I NO 

0 

4 Dye  Insertion  for 

location 

when  leak 
detected 

* 

NEG 

NEG 

"IRB 

0 

5 Pressure  crack  wave 

1 

B.S 

NEG 

“INC 

0 

6 Passive  ultrasonic 

(for  location) 

when  leak 
detected 

• 

0.9 

NEG 

“INC 

0 

7 oTS  control  system 

(pressure*  flow,  volume) 

1 .OT  accuracy 

cont. 

NA 

NA 

NA 

“TT 

NA 

8 OTS  control  system 

mathematical  modeling 

O.lt  accuracy 

cont. 

O.S 

0.5 

“INC 

0 

9 Acoustic  array 

cont. 

0.1 

0.1 

TNIT 

5 

10  Shroud  with  EMP 

coaxial  cable 

cont. 

0.2 

0.2 

“INB 

B 

11  3 and  9 



0.3 

nEi 

“iNf 

0 

12  Internal  HOT  (Inspectors 

,,  Inside  pipe) 



8.1 

KCil 

IKK 

0 

lay  be  unsafe 

13  NOT-externai  (sample 

Inspections) 

■ 1 

o.s 

“INC 

0 

14  See  recoMnended  NOT 

Inspection  schedule 

Section  5.2  and  Table  3*6 

“O — 

REE 

“INC 

0 

Corrosion 

IS  Mfg,  recoanended  Inspec* 

tions  and  maintenance 

“RA 

nA 

NA 

Nl 

NA 

1 Inspection  plo 

~i 

0.1 

P 

2 Hydrostatlclpressure  drop) 

1 

- 

B.S 

HE 

in5 

0 



3 Corrosion  flow  sampling 

program 

2^ 

• 

0.5 

^lEC 

"INC 

0 

4 Acoustic  array 

cont. 

. 

0.1 

"INC 

0 

5 Internal  NOT 

) 

- 

[in 

NEG 

1 

In5 

NOTE:  Mj  Insptctlon  or  rcpliccmot  cost  ostlMtts  bated  on  jfetrly  costs  wortlied  over  • ten  jrcer  period. 

(2)  Risk  of  oil  spills,  after  applying  the  Inspection  acthod.  Is  the  product  of  this  factor  and  the  risk  value  with  no 
Inspection  (Reference  1,  Table  3-14).  Risk  reduction  factor  It  estlwated  for  the  coa^wnt  (If  appropriate,  alto 
Indicated  failure  mode)  and  for  the  OTS  syttan  that  Includes  the  coaaxinent. 
pi  Nl-No  laiprovewent  In  risk  reduction  because  wethod  was  coanonly  used  when  rltki  were  detenrtmd  In  Neferenct  1,  Section 

(4)  NC0-Ne()l9lble  value  for  risk  reduction  fector  (>O.K), 

(SI  INO-Inprovaaant  not  discernible.  ; 

(5)  NR-Not  applicable  since  wethod  was  coanonly  used  when  risks  wore  detemlned  In  Reference  1,  Section  3. 

• Cost-effectiveness  analysis  assiaaes  that  a Spill  Prevention  Counter  Neasure  and  Control  (SPCC)  orefrao  Is  cerrlad  out.  j 
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5.0  RECOMMENDED  INSPECTION  METHODS  AND  PROCEDURES 
5.1  DISCUSSION 

The  objective  of  this  study  was  to  develop  inspection 
methods  and  procedures  to  insure  the  integrity  of  the  oil  transfer 
system  and  to  minimize  the  number  and  extent  of  pollution  incidents 
at  deepwater  ports.  The  results  of  the  System  Safety  Analysis 
Report  in  Reference  1 were  used  to  identify  those  OTS  components 
that  cause  high  oil  spill  risks  and  are  most  prone  to  failure.  The 
best  equipment  and  technology  in  current  use  were  utilized  with 
consideration  given  to  their  capability  to  provide  incipient  failure 
detection,  identification  of  the  defective  components,  positive 
results,  easily  understood  procedures  and  operations,  minimal 
costs  and  adaptability  to  conventional  OTS  facilities.  This 
effort  was  carried  out  in  Sections  2 and  3.  In  addition,  new, 
untested,  or  developmental  methods  were  also  considered.  This  was 
done  when  potential  failure  modes  could  not  be  adequately  inspected 
by  existing  methods  or  when  the  possibility  existed  of  substantially 
reducing  either  pollution  incidents  or  inspection  costs.  Over  fifty- 
six  inspection  methods  in  nine  areas  were  found  to  be 
potentially  applicable  to  typical  DWPs.  A cost-effectiveness 
analysis  was  carried  out  in  Section  4 for  the  inspection  methods 
and  procedures  that  were  considered  to  provide  the  best  available 
technology  for  a hypothetical  deepwater  port  in  U.S.  waters.  All 
significant  costs  were  used  in  the  evaluation.  Effectiveness 
was  measured  by  considering  both  the  probability  of  a pollution 
incident  caused  by  an  OTS  component  failure  and  the  probability  of 
detecting  incipient  failure.  Again,  all  significant  factors  such 
as  inspection  method,  reliability,  operational  readiness  and 
design  adequacy  were  considered. 

The  cost-effectiveness  analysis  was  the  primary 
consideration  for  recommendations  of  the  inspection  methods  and 
procedures  to  be  described  subsequently.  This  was  also  used 
in  the  recommendations  of  alternate  or  backup  methods  that  might 
be  needed  because  of  circumstances  caused,  for  example,  by  operational  or 
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environmental  conditions.  Consideration  also  was  given  to  the  use  of 
more  than  one  inspe:tion  method  in  situations  where  a single  method 
did  not  provide  an  adequate,  effective  inspection,  such  as  for  the 
inspection  of  hose  strings.  In  order  to  minimize  cost  effectively, 
the  use  of  both  sequential  inspection  methods,  that  provide  increasing 
level  of  detail  and  the  use  of  an  inspection  method  in  multiple 
applications  to  help  defray  costs,  were  also  evaluated. 

Recommended  inspection  methods  and  procedures  include  many 
inspections  which  are  normally  practiced  at  well-maintained  facilities 
and  are  effective.  These  inspections  may  not  necessarily  produce  a 
reduction  in  the  risk  primarily  because  their  use  has  already  effected 
a low  oil  spill  risk.  Examples  of  this  are  the  use  of  the  well-developed 
techniques  for  inspections  of  offshore  platform  supports,  navigation 
equipment,  piping,  machinery,  etc.  However,  for  many  OTS  components 
such  as  hose  strings,  pipelines  and  mooring  systems,  new  or  develop- 
mental inspection  methods  and  procedures  are  available  which  can  sub- 
stantially reduce  oil  spill  risks  (see  Sections  4.4.1,  4.4.2,  4.4.4,  4.4.5, 
4.4.6  and  4.4.8);  only  a few  of  the  methods  have  been  implemented  and 
at  only  a few  facilities.  There  has  been  very  little  initiative  on  the 
part  of  owners  or  operators  to  develop  or  adapt  these  advanced  periodic 
or  continuous  inspection  methods  to  their  facilities.  While  the 
initial  costs  of  these  methods  are  usually  higher  than  conventional 
methods,  such  as  visual  inspection,  the  life-cycle  costs  in  many  cases 
are  lower.  For  example,  the  load  monitor  and  acoustic  array  system  may 
effectively  substitute  for  inspectors  on  the  deck  of  the  ship  or  launch, 
launches,  diving  operations,  etc.,  and  consequently  eliminate  or 
significantly  reduce  the  costs.  From  cost  considerations,  alone,  some 
of  these  methods  should  be  attractive. 

Minimizing  the  number  and  extent  of  pollution  incidents  requires 
implementation  of  inspection  methods  and  procedures  that  may  necessitate 
some  added  costs.*  For  example,  using  a mooring  line  load  monitor  which 
only  sounds  an  alarm  when  excess  loading  occurs  is  a good  low  cost 
approach  to  reducing  risks.  However,  continuously  monitoring  the  loads, 
possibly  with  a low-cost  computerized  system,  and  the 


* These  costs  are  very  low  considering  the  cost  of  facility  and  normal 
operational  costs. 
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scheduling  of  mooring  load  system  calibrations  would  provide  more 
effective  incipient  failure  detection  and  thereby  help  in  minimizing 
the  number  and  extent  of  pollution. 

Another  example  is  the  use  of  a single  inspector  on  the  deck 
of  the  ship  during  offloading.  The  inspector  watches  for  leaks  in  the 
hoses,  ship  connections,  ship  breakout,  etc.  This  is  a good  step  for 
maintaining  the  oil  spill  risks  given  in  Reference  1,  but  not  for 
minimizing  the  risks.  A single  inspector  cannot  see  all  pertinent 
events  occuring.  The  inspector  can  provide  little  or  no  incipient 
failure  detection.  For  example,  he  has  difficulty  in  inspecting 
the  hose  string  for  small  leaks,  particularly  in  darkness  and  in  bad 
weather.  In  many  cases,  if  these  leads  are  not  detected  early,  a 
major  oil  spill  could  occur.  Use  of  simultaneous  inspection  methods 
and  procedures  would  help  to  minimize  these  types  of  oil  spill  risks 
and  is  recommended.  The  use  of  inspectors  continuously  patrolling 
in  a small  boat,  for  example,  to  aid  in  continuously  monitoring  the 
hose  string  and  mooring  lines,  could  significantly  reduce  oil  spill 
risks.  This  is  being  done  at  some  DWP  facilities.  Additional  inspectors 
on  the  deck  of  the  ship  could  further  minimize  the  risk  of  oil  pollution 
incidents.  Developmental  methods  such  as  double  walled  hose  for  a complete 
hose  string  or  a passive  acoustic  array  system  become  available,  fewer 
inspectors  would  be  required  while  the  risk  of  oil  spill  incidents 
would  be  reduced  significantly. 

Recommended  inspection  methods  and  procedures,  and  replacement 
of  OTS  components  are  given  in  Section  5.2.  Recommended  schedule  of 
inspection  and  replacement  intervals  are  also  included. 

Inspection  methods  recommended  for  development  are  discussed 
in  Section  5.3. 
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RECOMMENDED  INSPECTION  METHODS  AND  PROCEDURES  FOR  THE  DEEPWATER 
PORT  OIL  TRANSFER  SYSTEM 


Recommended  inspection  methods  to  minimize  oil  spill  risks  at 
deepwater  ports  are  given  in  this  section.  Inspection  methods  and  procedures, 
using  the  best  equipment  and  technology  in  current  use,  are  included  for 
the  major  OTS  components  in  the  following  seven  subsections.  These 
recommendations  are  intended  to  be  general  in  nature  and  may  be  varied 
somewhat  depending  upon  a number  of  considerations  such  as  the  specific 
design  of  the  OTS  components,  DWP  usage,  etc.  For  simplicity  and  ease 
of  understanding,  however,  inspections  and  recommendations  are  gi  -en  in 
detail  for  some  of  the  OTS  components  that  have  high  oil  spill  risks 
where  general  recommendations  may  not  be  adequate.  Recommended  inspc_cion 
methods  that  require  further  development  or  testing  can  either  further 
minimize  the  oil  spill  risk  or  can  substantially  improve  the  cost- 
effectiveness  if  substituted  for  recommended  inspections  that  are  in 
current  use.  These  methods  will  not  be  discussed  in  this  section 
but  will  be  addressed  in  Section  5.3. 

It  should  be  noted  that  recommended  inspection  methods  and 
procedures  and  replacements  may  result  in  some  duplication  of  inspections. 
Hence  the  actual  effectiveness  (reduction  of  barrels  of  oil  spilled) 
of  a particular  method  may  not  be  as  high  as  indicated  in  Tables  4-2 
through  4-10.  However,  if  this  occurs,  the  system  effectiveness 
of  a particular  inspection  is  improved.  Also,  the  cost  of  a particular 
method  may  typically  be  lower  than  indicated  in  these  tables  because 
the  inspection  method  may  be  used  for  multiple  inspection.  For  example, 
visual  inspections  from  a launch  can  be  used  for  inspecting  the  hose 
string,  mooring  system  and  SPM. 
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5.2.1  Hose  String,  Shipboard  Connections  and  Mooring  System 

Reconmended  inspections  and  replacements  for  the  hose  string, 
shipboard  connections  and  mooring  system  include  the  following: 

(1)  Hose  String 

• Periodic  visual  inspections  from  launch  (see  Section 
5. 2. 1.1)  with 

oil  spill  detection 
ultraviolet  light 

• Continuous  visual  inspections  from  deck  of  ship 
(see  Section  5. 2. 1.2)  with 

low-light  TV 
ultraviolet  light 

• Continuous  visual  inspection  from  launch  (see 
Section  5.2. 1.3)  with 

oil  spill  detector 
ultraviolet  light 

• Hydrostatic  tests  (see  Section  5.2. 1.5) 

• Dye  tracing  (see  Section  5. 2. 1.6) 

• Diver  NDT  and  visual  (see  Section  5.2. 1.7) 

• Hose  replacement  (see  Section  5. 2. 1.8) 

• Hose  replacement  (see  Section  5.2. 1.9) 

(2)  Mooring  System 

e Periodic  visual  inspection  from  launch  (see  Section  5.2.1. 1) 

• Continuous  visual  inspection  from  deck  of  ship  (see 
Section  5.2. 1.2)  with 

low-light  TV 

• Continuous  visual  inspection  from  launch  (see  Section  5.2. 1.3) 

• Mooring  load  monitor  system  (see  System  5.2. 1.4) 

• Diver  NDT  and  visual  (see  Section  5. 2. 1.7) 

• Hawser  replacement  (see  Section  5.2. 1.0) 

(3)  Shipboard  connections 

• Continuous  visual  inspections  on  deck  of  ship  (see 
Section  5.2. 1.2) 
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A recommended  schedule  of  these  inspections  and  replacements  is 
given  in  Table  5-1.  Inspection  methods  and  procedures  and  replacements 
are  described  in  detail  in  subsections  that  follow. 

Inspection  methods  and  procedures  recommended  for  the  hose 
string  and  mooring  system,  if  implemented  should  be  very  effective  in 
minimizing  the  oil  spill  risk.  It  is  estimated  that  the  relative 
barrels  of  oil  spilled  will  be  reduced  from  about  3200  to  about  800  barrels 
per  year.  Except  for  the  mooring  load  monitoring,  however,  recommended 
inspection  methods  (periodic  and  continuous  inspections  from  launch)  that 
are  highly  effective  (see  Tables  4-2  and  4-3)  in  reducing  the  barrels 
of  oil  spilled,  are  not  very  cost-effective  (relative  value  of 
approximately  1).  Additionally,  all  methods  recommended,  except  mooring 
load  monitoring,  are  not  very  effective  in  darkness  or  in  bad  weather. 

Inspection  methods  that  aid  visual  inspection  such  as  an  oil 
spill  detector  on  the  launch,  low-light  TV  and  ultraviolet  light  are 
all  highly  cost-effective  and  should  be  implemented  in  a DWP  inspection 
program.  Periodic  inspection  methods  such  as  dye  tracing,  and  hydrostatic 
tests,  diver  NOT  and  visual,  provide  good  incipient  failure  detection 
and  have  relatively  high  cost-effectiveness  values. 

Recommended  replacement  intervals  of  the  hose  string  and 
hawser  are  necessary.  Replacements  are  extremely  expensive  and  result 
in  very  poor  cost-effectiveness  values  («1  bbl  /K$).  However,  extending 
the  replacement  schedule  may  increase  the  relative  oil  spill  risk  to  a 
higher  value  than  indicated  in  Table  4-1  and  is  not  recomnended . 
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RECOMMENDED  SCHEDULE  FOR  INSPECTIONS  AND  REPLACEMENTS  OF 
OTS  COMPONENTS  FOR  HOSE  STRING,  SHIPBOARD  CONNECTIONS  AND 
■MOORING  SYSTEM 


TABLE  5-1  RECOMMENDED  SCHEDULE  FOR  INSPECTIONS  AND  REPLACEMENTS  OF  OTS 
COMPONENTS  FOR  HOSE  STRING,  SHIPBOARD  CONNECTIONS  AND  MOORING 
SYSTEM  (Continued) 


5. 2. 1.1  Periodic  Visual  Inspections 

from  Launch 

OTS  Component 

Hose  string,  mooring  system 

Periodicity 

Before 

ship  berths 

Inspection  Method 

Visual 

from  launch  with  one  crewman 

and 

one  inspector 

Special  Equipment 

Lighting,  oil  spill  detector  with 

alarm  which  discriminates 

between 

thin  oil  film  and  thick  oil 

film,  ultraviolet  light 

Safety  Precautions 

No  special  precautions 

Inspections 

(l)  Hose  string 

Floating  hose  string 

a. 

Leakage 

b. 

External  damage  including 

• 

• kinking 

• 

wear 

• cracks 

• 

rubber  disintegration 

• stretching 

• 

collapse 

• nipple  corrosion 

• 

safety  blinker  lights 

• buoyancy  tanks  in 

operating 

proper  position 

• 

indentations 

• bulges 

• 

crushing 

• wires  showing 

• 

loss  of  buoyancy 

• creases 

• 

loss  of  floats 

• cuts 

• 

marine  growth 

• abrasion 

c. 

Correct  configuration 

d. 

Fouling  with  each  other 

e. 

Stream  out  and  floating  freely 

f. 

Damage  to  floatation  medium 

g- 

Flanged  joints  and  hoses 

examined  for  leakage  stains 

h. 

Odor  from  oil  leakage 

i . 

Debris 

j. 

Looseness  or  loss  of  assemblies 
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5. 2. 1.1  (Continued) 


Submarine  hose  string 

a.  Leakage 

b.  Inclination  of  first  underwater  hose  section 

c.  Loss  of  assemblies 

PickuD  buoys  and  support  wire  floats 


a.  Physical  damage 

b.  Apparent  loss  of  buoyancy 

c.  Free  floating  in  water 

Inspection  devices  on  hose  string 

a.  Proper  operation 

b.  Proper  configuration 

c.  External  damage 

d.  Security  of  fasteners 

(2)  Mooring  system 
Mooring  hawsers 

a.  Free  streaming 

b.  No  snarls  with  flotation  hoses  or  debris 

c.  External  damage 

Buoy  chafing  chain 

a.  Chafing 

b.  Wear 

c.  Corrosion 

d.  External  damage 

Chain  support  buoy  and  connection 

a.  Physical  damage  to  attachment  hardware 

b.  Chafing  chain  friction  to  polyurethane  shell 

c.  External  damage 

d.  Apparent  loss  of  buoyancy 

e.  Free  floating  in  water 

Inspection  equipment  for  mooring  system 

a.  Proper  operation 

b.  Proper  configuration 

c.  External  damage 

d.  Security  of  fasteners 
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5. 2. 1,2  Continuous  Visual  Inspection  from  Deck  of  Ship 
OTS  Components 

Hose  string,  shipboard  connections,  mooring  system 
Periodicity 

Continuous  during  offloading 
Inspection  Method 

Visual  from  deck  of  ship  using  2 inspectors 
Special  Equipment 

Low-light  TV  monitor,  ultraviolet  light 

Safety  Precautions 

No  special  precautions 


Inspections 

1.  Hose  string 

Floating  hose  string 

a.  Leakage 

b.  Correct  configuration 

c.  Fouling  with  each  other 

d.  Stream  out  and  flowing  freely 

e.  Damage  to  floatation  medium 

f.  External  damage 

• kinking 

• bulges 
0 wires  showing 
0 rubber  desintegration 
0 wear  rate  of  chains  and 

fi ttings 

0 bouyancy  tanks  in  proper 
posi tion 

g.  Loss  of  assemblies 

h.  Debris 

i.  Rail  hose  defects 

0 leakage  while  pressurized 
0 kinks 
0 chafing 
0 physical  damage 
0 includes  all  inspections  of  item  f,  above 


0 collapse 
0 crushing 
0 loss  of  bouyancy 
0 marine  growth 
0 safety  blinker 
lights  operating 
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5. 2. 1.2  (Continued) 
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Submarine  hose  string 

a.  Leakage 

b.  Inclination  of  first  underwater  hose  section 

c.  Loss  of  assembl ies 


Inspection  equipment  for  hose  string 

a.  Proper  operation 

b.  Security  of  fasteners 

(2)  Shipboard  connections 


Connections 

a.  Ship  manifold  expansion  joint  defects 

0 leakage 
0 damage 

- cracks 

- impacts 

0 security  of  fastenings 
0 corrosion 

b.  Ship  manifold  defects 

0 leakage 
0 damage 
-cracks 
-impacts 


§ weld  defects 
0 security  of  fastenings 
0 corrosion 

c.  Gasket  (between  hose  flange  and  manifold)  defects 

0 leakage 
0 external  damage 
0 security  of  fasteners 
0 corrosion 

d.  Ship  manifold  valve  defects 

0 leakage 

0 valve  operational  characteristics 
0 external  damage 
-cracks 
-pitting 

0 corrosion 
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15.2.1.2  (Continued) 

e. 

Drip  tank  defects 

• Liquid  level 

• leakage 

• external  damage 

-cracks 

-pitting 

-miscellaneous 

• corrosion 

• overfilled 

f. 

Scuppers  plugged 

Shipboard  operations 

a. 

Proper  operating  pressures 

b. 

Proper  discharge  operations 

c. 

Proper  operations  of  recorders  at  manifold 

d. 

Proper  operation  of  communication  equipment,  to  platform, 
instruments  required  for  shipboard  connections  and 
discharge,  etc. 

(3)  Mooring  system 

Continuous  visual  monitoring  of  mooring  system 

a. 

Ship  breakout 

Mooring  hawser,  floats  and  pickup  rope  I 

a. 

Snarls  with  floating  hoses  or  debris 

b. 

Chafing 

c. 

Loss  of  rope  floats 

d. 

Impact  damage 

e. 

Wear 

f. 

Corrosion 

Chafing  chain 

a. 

Chafing 

b. 

Wear 

c. 

Corrosion 

d. 

Wear  rate/diameter  of  chain 

e. 

Link  dimensions 

1 Chain  support  buoy  and  connection  linkage  | 

a. 

Physical  damage  to  attachment  hardware 

b. 

Chafing  chain  friction  damage  to  polyurethane  shell 
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5. 2. 1.2  (Continued) 

Inspection  equipment  for  mooring  system 

a.  Proper  operation 

b.  Security  of  fasteners 


5. 2. 1.3  Continuous  Visual  Inspection  from  Launch 

OTS  Componencs 

Hose  string,  mooring  system 

Periodici  ty 

Conti nuous  during  offloading 
Inspection  Method  * 

Visual  from  launch  or  small  boat  using  one  crewman  and  one  inspector 
Special  Equipment 

Lighting,  oil  spill  detector  with  alarm,  ultraviolet  light 
Safety  Precautions 

Launch  or  small  boat  must  stay  a safe  distance  from  hose  string 


Inspections 

1.  Hose  string 

Floating  hose  string 


Leakage 

External  damage  including: 

• kinking 

• 

wear 

• 

cracks 

• 

rubber  disintegration 

t 

stretching 

• 

collapse 

t 

nipple  corrosion 

• 

safety  blinker  lights 

• 

buoyancy  tanks  in 

operating 

proper  position 

• 

indentations 

• 

bulges 

fl 

crushing 

• 

wires  showing 

• 

loss  of  buoyancy 

• 

cuts 

• 

marine  growth 

• 

abrasion 

t 

nipple  defects 

c. 

Correct  configuration 

d. 

Fouling  with  each  other 

e. 

Stream  out  and  floating  freely 

f. 

Damage  to  floatation  medium 

leakage  stains 

g- 

Flanged  joints  and  hoses  examined  for 

h. 

Odor  from  oil  leakage 

i . 

Debris 

j. 

Looseness  or  loss  of  assemblies 

Submarine  hose  string 

a. 

Leakage 

section 

b. 

Inclination  of  first  underwater  hose 

c. 

Loss  of  assemblies 

NOTE:  *This  inspection  may  be  eliminated  in  the  event  that  inspection 
methods  of  Section  5. 3. 1.1  become  operational. 
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5. 2, 1.3  (Continued) 

Inspection  devices  on  hose  string 

a.  Proper  operation 

b.  Proper  configuration 

c.  External  damage 

d.  Security  of  fasteners 

(2)  Mooring  system 


Mooring  system  examined  for: 

a.  Ship  breakout 

Mooring  hawsers,  floats  and  pickup  rope 

Snarls  with  floating  hoses  or  debris 
Chafing  at  buoy 
Loss  of  rope  floats 
Impact  damage 
Wear 

Corrosion 

Condition  of  sleeve-type  rope  floats  and  urethane  float  stop 
Wear  of  thimbles 
Entanglement 
Fouling 

External  damage 


a. 

u 

b • 

c. 

d. 

e. 

f. 

g- 

h. 

i . 
j- 
k. 


Chafing  chains 

a.  Chafing 

b.  Wear 

c.  Corrosion 

d.  External  damage 

Chain  support  buoy  and  connection  linkage 

a.  Physical  damage  to  attachment  hardware 

b.  Chafing  chain  friction  to  polyurethane  shell 

c.  External  damage 

Inspection  equipment  for  mooring  system 

a.  Proper  operation 

b.  Proper  configuration 

c.  External  damage 

d.  Security  of  fasteners 
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5. 2. 1.4  Mooring  Load  Monitor  System 

OTS  Component 

Mooring  system 

Periodicity 

Continuous  while  ship  in  berth 

Inspection  Method 

Mooring  load  monitor  system 

Special  Equipment 

Strain-gage  mooring  load  monitoring  system  with  alarms  on  buoy, 
ship  and  platform,  continuous  computer  monitoring  at  platform 
control,  and  with  recorder  on  buoy. 

Safety  Precautions 

No  special  precautions,  except  for  observing  standards  regarding 
electrical  equipment  in  flammable  atmospheres. 

Inspections 


Mooring  systems 

a.  Excessive  loading 

b.  Hawser  loading  history 


5. 2. 1.5 


Hydrostatic  Tests 


OTS  Component 
Hose  string 

Periodicity 

Weekly 

Inspection  Method 

Hydrostatic  tests  (pressure  drop)  of  hose  string  at  approximately 
1.25  times  its  maximum  working  pressure  and  using  a suitable  hose 
leak  detection  method.  Hoses  to  be  examined  with  pressure  on  and 
off.  Inspection  should  last  at  least  a few  hours. 

Special  Equipment 

Diver  inspections  to  be  carried  out  if  leak  detected--see 
inspections  in  Section  5. 2. 1.7;  high  accuracy  pressure  and 
temperature  gages,  pumps;  system  to  be  blocked  off 

Safety  Precautions 

Diving  regulations  to  be  observed 

Tanker  not  to  be  moored  to  buoy 

Tests  to  be  performed  at  safe  hydrostatic  pressures 

Adequate  warnings  that  hydrostatic  test  is  in  progress 

Inspections 

1.  Hose  string 

Hose  string 

a.  Leakage 

b.  Pressure  drop  in  line 

c.  See  event  Cl 3 for  other  floating  hose  string  and 
submarine  hose  string  examinations. 


NOTE:  1.  Hydrostatic  tests  should  be  carried  out  during  scheduled 
hose  string  visual  and  diver  NDT  inspections. 


2.  Hose  string  must  be  out-of-service  so  test  should  be 
scheduled  during  normal  down  periods  of  hose  string. 


5.2. 1 .6  Dye  Tracin 


f 


2. 


OTS  Component 
Hose  string 

Periodicity  . 

Every  two  weeks  ^ ^ 

Inspection  Me^od 

Dye  tracing  - Dye  inserted  into  hose  string  which  is  at  its 
maximum  working  pressure;  leaks  detected  visually  and  by  use  of 
a fluorometer  at  hose  string  areas  that  are  suspect 

Special  Equipment 

Water  left  in  hoses,  fluorometer,  device  to  contain  a sample  of 
fluid  around  hose  sections 

Safety  Precautions 

Diving  regulations  to  be  observed 
Tanker  not  to  be  moored  to  buoy 

Inspections 

(1)  Hose  string 
leak 


NOTE:  (1)  Dye  tracing  inspections  should  be  carried  out  during  scheduled 
hose  string  visual  and  diver  NDT  inspections.  Periodicity 
may  be  varied  somewhat  without  significant  change  in  the 
reduction  of  the  oil  spill  risk 


9 


5. 2. 1.7  Diver  NDT  and  Visual 


OTS  Components 

Hose  string,  mooring  system 

Periodicity 

Weekly,  1 month,  2 months,  3 months,  6 months,  after  collision, 
after  storm 

Inspection  Method 

Diver  NDT  and  visual 

Special  Equipment 

Hose  string  to  be  checked  while  hoses  are  both  pressurized  and 
not  pressurized 

Safety  Precautions 

Diving  regulations  to  be  observed  . 

Tanker  not  moored  to  buoy 

Inspections 

(1)  Weekly  (monthly--two  months  after  hose  string  installation) 
Submarine  hose  string 

a.  Leakage  - using  visual  inspection  and  also  a milk  V type 
leak  solution  at  suspect  leakage  locations  (flanges, 
nipples,  valves,  etc.) 

b.  Telltale  leakage  stains  on  all  hoses,  nipples  and  flanges 

c.  Correct  subsea  hose  configuration 

• alignment  of  hoses,  spreader  bars,  etc. 

• hose  descent  angle 

■ incorrect  short  radius  binding 

• hoses  free  of  debris 

• check  clearance  between  hoses  and  SPM 

d.  Bulges  or  deformation  of  hoses 

e.  Tightness  of  nuts  by  hand  tightening 

• looseness  or  loss  of  assemblies 

• bead  float  assemblies 

t hose  string  body  (flanges,  etc.) 

• rigid  or  flexible  spreader  bars 

• proper  mounting  of  rubber  keys  proved  along  hose 
string  length  to  prevent  slippage 

f.  Miscellaneous  external  damage  to  hose  string 

• cracks  • wear  or  chafing 

t stretching  • rubber  disintegration 


5. 2. 1.7  (Continued) 

• collapse 

• indentations 

• crushing 

• marine  growth 

• adhesion  between  nipple 
joint  and  hose 


Inspection  devices  on  submarine  hose  strin 


a.  Proper  operation 

b.  Proper  configuration 

c.  External  damage 

d.  Security  of  fasteners 

(?)  Monthly 

Submarine  hose  string 

a. 

Check  of  bolt  tightness  with  torque  wrench 

• hose  flange  nuts 

• 10%  of  miscellaneous  bolts  and  nuts 

b. 

Seal  leak  detector  inspection  (if  available)  at  hose 
flanges  and  hose  nipples 

c. 

Magnetic  foil  or  magnetic  rubber  inspection  of  10%  of  hose 
nipples 

d. 

i 

Cathodic  protection  inspection  of  hoses  using  manufacturer's 
recommendations 

• nipples 

• flanges 

• etc. 

1 

Hose  pickup  rope  inspected  by  divers  or  under-running 

a. 

Examine  strap 

b. 

Condition  of  eye  splices  and  shackles 

c. 

Insure  shackles  are  properly  moused  and  pins  are  not 
worn  down 

d. 

Physical  damage 

e. 

Apparent  loss  of  buoyancy 

f. 

Free  floating  in  water 

Butterfly  valve,  ball  valves  and  miscellaneous  valves 

a. 

Leakage 

b. 

Impact  damage 

c. 

Corrosion 

• collapsing 
f bulges 

• wires  showing 
t creases 

f nipple  corrosion 


5. 2. 1.7  (Continued) 

d.  Paint  deterioration 

e.  Operate  valve  and  check  for  leakage 

f.  Check  valve  operational  characteristics 


Mooring  equipment 

a.  Examine  mooring  line  by  divers  or  under-running 

• security  of  lace  on  rope  floats 

• condition  of  servings  and  grommets 

• general  condition  of  sleeve-type  rope  floats  and 
urethane  float  stops 

• wear  of  thimbles 

• chafing  damage 
e wear 

b.  Examine  pickup  rope  by  divers  or  under-running 

• chafing  damage 

• abrasion  change 

• floatation 

3.  Two  months 

Floating  hose  string 

a.  Tightness  of  nuts  by  torque  wrench 

• every  nut  at  connection  of  floating  hose  to  SPM 
buoy  or  SPM  fluid  swivel 

• 10%  of  nuts  on  the  flange  of  each  floating  hose  and 
pigtails 

• seal  leak  detection  (if  available)  at  10%  of  hose 
flanges  and  hose  nipples 

• magnetic  foil  or  magnetic  rubber  inspection  of  10% 
of  hose  nipples 

b.  Cathodic  protection  inspection  on  floating  hoses  using 
manufacturer  recommendations 

• flanges 

• nipples 


Mooring  equipment 
a.  Hawser  damage 

• Measure  hawser  length--if  more  than  20%  increase  in 
length  replace 


5. 2. 1.7  (Continued) 


• X-ray  sections  of  hawsers  that  appear  damaged  for 
examination  of  internal  sections  of  hawser 

b.  Chafing  chain  damage 

• Measure  wear  rate/diameter  of  chain 

• Measure  chain  length--if  greater  than  3%  replace 

• Measure  chain  links 

-size 

-corrosion 

• X-ray  chain  sections  that  are  suspected  of  damage 

• Cathodic  protection  inspection  (if  cathodic  protection 
exists)  of  chain  using  manufacturer's  recommended 
schedule 

(4)  Six  months 

Submarine  hose  string  and  floating  hose  string 

a.  Remove  marine  growth 

b.  Measure  elongation  of  hoses 

(5)  After  storm  or  collision 

Complete  inspection  of  all  components 


5. 2. 1.8  Hose  Replacement 


OTS  Components 

Tail  hose,  first  hose  off  CALM  buoy,  first  hose  off  fluid 
swivel  for  SALM 

Periodicity 

Six  months 

Replacement 

Replace  hose 

Special  Equipment 

Only  standard  equipment  required 

Safety  Precautions 

No  special  precautions 

Inspections 


(1)  Inspect  hose  onshore 

• Reinstall  if  hose  is  in  excellent  condition 

• Save  hose  for  spare  if  in  good  condition 

• Reject  hose  after  one  year  of  use 


NOTE:  Replacement  schedule  may  vary  depending  upon  conditions  such  as 

• frequency  of  vessel  calls 

• loading  history 

• bad  weather,  storms,  collisions 

• DWP  environmental  conditions 

• results  of  other  inspections  while  installed 


5. 2. 1.9  Hose  String  Replacement 


OTS  Components 

Floating  hose,  string,  submarine  hose  string 


Periodicity 
One  year 


Replacement 

Replace  hose  string 


Special  Equipment 

Only  standard  equipment  required 


Safety  Precautions 

NO  special  precautions 

Inspections 

Inspect  hose  onshore 

• Reinstall  if  hose  is  in  excellent  condition 

• Save  hose  for  spare  if  in  good  condition 

• Reject  hose  after  two  years  of  use 


NOTE:  Replacement  schedule  may  vary  depending  upon  conditions  such  as  : 

• frequency  of  vessel  calls 

• bad  weather,  storms,  collisions 

• DWP  environmental  conditions 

• results  of  other  inspections  while  installed 


5.2.1.10  Hawser  Replacement 


OTS  Component 
Hawser 

Periodicity 
6 months 

Replacement 

Replace  hawser 

Special  Equipment 

Unly  standard  equipment  required 

Safety  Precautions 

No  special  precautions 

Inspections 

Record  damage  and  areas  showing  wear 


NOTE:  Replacement  schedule  may  vary  depending  upon  conditions  such  as:  | 

• loading  history  | 

• bad  weather,  storms,  collisions  | 

• DWP  environmental  conditions 

• results  of  other  inspections  of  hawser 

• frequency  of  vessel  calls 
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5.2.2  Undersea  Pipeline 

Recommended  inspection  methods  for  the  undersea  pipeline 
include  the  following: 

1.  Pipeline  - Rupture 

• Sonar  - sidescan  and  penetrating  (see  Section  5. 2. 2.1) 

« Hydrocarbon  probe  (see  Section  5.2.2. 2) 
t Charting  (see  Section  5. 2. 2. 3) 

• Hydrostatic  (pressure  drop)  (See  Section  5. 2. 2. 4) 

• OTS  control  - mathematical  modeling  (see  Section  5. 2. 2. 5) 
t Inspection  pig 

a.  Kali  per  (see  Section  5.2.2.6a) 

b.  Magnetic  flux  (See  Section  5.2.2.6b) 
f Corrosion  flow  sampling  (see  Section  5.2.2. 7) 

2.  Pipeline  - Corrosion,  Weld  Defects 

• Hydrocarbon  probe  (see  Section  5. 2. 2. 2) 

• Hydrostatic  (pressure  drop)  (see  Section  5. 2. 2. 4) 

• Inspection  pig 

b.  Magnetic  flux  (see  Section  5.2.2.6b) 

• Corrosion  flow  sampling  (see  Section  5. 2. 2. 7) 

3.  Pipeline  - Cathodic  Protection 

• Manufacturer's  inspection  schedule  and  maintenance 
program  (see  Section  5. 2. 2. 8) 

• Inspection  pig 

b.  Magnetic  flux  (see  Section  5.2.2.6b) 

A recommended  schedule  of  these  inspections  is  given  in  Table  5-2  and 
inspection  methods  and  procedures  are  described  in  detail  in  subsections 
that  follow. 
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Inspection  of  the  undersea  pipeline  between  the  platform  and 
shore  is  extremely  important  because  the  spill  risk  in  barrels  per  year 
(1000)  is  quite  high,  but  more  importantly,  very  large  spills  are  possible 
(Table  4“1).  The  same  also  is  true  for  the  SPM  pipeline.  It  is  estimated 
that  implementation  of  the  reconmended  procedures  should  reduce  the 
relative  risk  of  barrels  of  oil  spilled  from  1000  to  about  100  bbls. 

At  the  present  time,  no  inspection  methods  currently  in  use 
are  capable  of  adequately  inspecting  the  inside  of  the  undersea  pipeline 
for  incipient  failure  detection.  Internal  pipeline  inspections  are 
extremely  important  for  reducing  oil  spill  risks,  particularly  for  buried, 
undersea  pipeline  because  it  is  extremely  difficult  to  inspect  the  pipeline 
externally;  NOT  diver  inspection  costs  are  too  high  for  practical  con- 
siderations. Inspection  pigs  are  normally  used  for  internal 
inspections.  They  provide  good  incipient  failure  detection,  but  existing 
inspection  pigs  are  too  small  for  the  54-inch  diameter  pipeline.  Also 
there  is  expected  to  be  relatively  few  miles  of  54-inch  diameter  compared 
to  other  sizes,  for  example  48-inch  diameter.  Hence  facilities  with 
these  large  diameter  pipelines  will  either  have  to  financially  support 
the  building  of  larger  diameter  inspection  pigs  or  pay  high  costs  (in 
comparison  with  existing  costs  for  smaller  diameter  pipelines)  for 
inspection  services. 

Assuming  inspection  pigs  will  be  available,  it  is  recommended 
that  the  pipeline  be  inspected  by  an  inspection  pig  before  the  line  becomes 
operational.  This  will  provide  background  (or  reference)  data  of  an 
undamaged  pipeline  and  will  be  extremely  beneficial  in  interpreting  data 
from  later  inspections  using  inspection  pigs. 

Currently,  no  provisions  have  been  made  for  the  use  of  inspection 
pigs  in  the  SPM  pipelines,  hence  existing  internal  inspection  methods 
for  this  pipeline  would  not  be  used.  Also,  the  fact  that  the  pipeline 
is  coated  with  concrete  and  is  buried  in  10  feet  of  soil  essentially 
eliminates  external  inspections.  Under  these  circumstances  the  only 
inspection  method  that  appears  to  be  useful  in  reducing  oil  spill  risk 
is  hydrostatic  testing.  Based  on  these  considerations,  it  is  recommended 
that  provisions  be  made  for  the  use  of  inspection  pigs  in  the  SPM 


pipelines.  Inspection  pigs  that  can  go  in  both  directions  (these  are 
available)  would  eliminate  the  cost  of  providing  a pig  receiver  or 
launcher  at  the  PLEM. 


Recommended  corrosion  flow  sampling  is  an  important  internal 
pipeline  inspection  method.  Unfortunately  it  can  provide  only  trends 
of  internal  piepline  corrosion.  The  method  was  judged  to  decrease  oil 
spill  risk  only  slightly  if  current  practices  alone  are  followed.  Signifi- 
cant reductions  of  the  oil  spill  risk  may  be  attained,  however,  if  the 
following  typical  guidelines  are  used: 

(1)  Use  well  maintained  and  high-quality  instruments; 

(2)  Use  qualified  personnel  to  monitor  and  record  data; 

(3)  Maintain  and  analyze  (possibly  by  computer)  data  records. 

Other  recommended  and  currently  used  inspection  methods,  which 
provide  some  reduction  in  the  oil  spill  risk,  are  highly  cost  effective 
and  low  cost.  Periodic  inspections  of  the  pipeline  for  exposed 
surfaces  or  incorrect  soil  coverage  using  a towed  sonar  system  with 
sidescan  and  penetrating  echo  is  highly  effective  in  minimizing  external 
pipeline  damage.  Periodic  mapping  inspection,  although  less  effective, 
includes  inspection  of  pipeline  movement,  scour  and  exposed  surface. 

This  inspection  further  helps  to  reduce  the  risk  from  external  pipeline 
damage.  An  OTS  control  system  using  a mathematical  modeling  approach 
is  effective  in  improving  the  sensitivity  of  leak  detection  beyond  the 
capability  of  planned  OTS  product  monitoring  systems.  This  method 
was  judged  to  be  the  most  cost  effective  of  the  recommended  inspection 
methods.  Periodic  inspections  using  a towed  hydrocarbon  probe 
provides  for  some  detection  and  location  of  small  incipient  type  leaks 
that  may  proceed  rupture.  This  method  is  very  effective  for  inspection 
of  small  leaks  caused  by  corrosion  or  weld  defects. 

Cathodic  protection  inspection  is  also  recommended.  Strict 
adherence  to  manufacturer's  recommended  inspection  schedules 
and  procedures  is  necessary  to  maintain  adequate  protection 
against  pipeline  external  corrosion. 

r 
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5.2. 2.1  Sonar  Survey  (Sidescan  and  Penetrating) 

OTS  Component 
Pipeline 

Periodicity 

Every  two  months 

Inspection  Method 

Survey  pipeline  with  a sonar  system  installed  inside  a towfish  to 
locate  bare  spots  and  correct  depth  of  soil  overburden.  Inspection 
includes  transducers  and  equipment  for  both  pulsed  horizonal  side- 
scan  and  penetrating  and  non-penetrating  vertical  acoustical  beams. 
Fish  is  towed  a few  meters  above  soil. 

Special  Equipment 

Launch  or  small  boat  with  winch  to  pull  the  towfish  with  sidescan 
and  penetrating  sonar  system,  data  retrieval  and  analyzing  equipment, 
pressure  transducer  to  monitor  depth 


Safety  Precautions 

No  special  precautions 

Inspections 

(1)  Pipeline 

a.  Detection  and  location  of  pipeline  bare  spots 

b.  Detection  and  location  of  incorrect  burial  of  pipeline 


NOTE:  This  inspection  should  be  carried  out  at  the  same  time  as  that 
in  Section  5. 2. 2. 2 (hydrocarbon  probe  inspections)  in  order  to 
minimize  inspection  costs. 
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5. 2. 2. 2 Hydrocarbon  Probe 

OTS  Component 
Pipeline 

Periodicity 

Two  months 

Inspection  Method 

Survey  pipeline  with  a towfish  that  contains  a hydrocarbon 
probe  for  oil  leak  detection  and  a pressure  transducer  to 
monitor  depth.  Fish  is  towed  a few  meters  above  soil. 

Special  Equipment 

Launch  or  small  boat  with  winch  to  pull  the  two  fish,  hydrocarbon 
and  pressure  transducer  towfish,  pressure  monitor  and 
hydrocarbon  monitor 

Safety  Precautions 

No  special  precauti ons 

Inspections 

(l ) Pipeline 

a.  Oil  leakage  - detection  and  location 
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5.2.2. 3 Chartin' 


OTS  Component 

Undersea  pipeline 

Periodicity 
Two  years 


Inspection  Method  and  Procedures* 

Diver  walks  line  with  a very  narrow  beam  acoustic  transponder, 
a pneumofathometer  and  a penetrating  and  non-penetrating  acoustical 

pulse-echo  device 
Special  Equipment 

Diving  equipment,  transponder,  receiver,  buoy 

Safety  Precautions 

Diving  regulations  to  be  observed 

Inspections 

1 Pipeline  undersea 

a.  Location 

b.  Damage 

c.  Scour 

d.  Depth  of  burial 

e.  Bare  spots 


Note:  * Other  inspection  methods  and  procedures  from  surface  vessels  are 
available  that  do  not  require  the  use  of  the  diver,  but  these  do 
not  detect  and  measure  pipeline  damage  or  scour.  However,  use  of 
a submersible  or  remotely  piloted  vehicle  may  be  adequate. 


5 . 2 . 2 . 4 Hydrostatic  Pressure  Pro 


OTS  Component 

Undersea  and  underground  pipeline 

Periodicity 

Yearly 

Inspection  Method  and  Procedures 

Hydrostatic  tests  (pressure  drop)  of  pipeline  are  conducted 

at  a high,  safe  pressure  and  using  a suitable  leak  detection  method 

if  a leak  is  indicated.  Inspection  should  last  about  24  hours. 

Special  Equipment 

High  accuracy  pressure  and  temperature  monitors,  pumps, 
leak  location  equipment,  pipeline  must  be  blocked  off 

Safety  Precautions 

Tests  to  be  performed  at  safe  hydrostatic  pressure 
Pipeline  must  be  out-of-service 

Adequate  warnings  that  a hydrostatic  test  is  in  progress 
Inspections 

1 . Pipeline 

a.  Oil  leakage 


5. 2. 2. 5 OTS  Control  Mathematical  Model  in 


OTS  Component 

Undersea  and  underground  pipeline  - rupture  and  other  damage 

Periodicity 

Continuous 

Inspection  Method  and  Procedures 


control  using  mathematical  modeling  for  leak  detection 
inspection  - computerized  model  OTS  system  including 
effects  of  size  and  materials  of  components,  and  flow 
characteristics  Uime,  pressure,  flow,  visiosity,  etc.) 

Special  Equipment 

Computer  system  to  be  adapted  to  OTS  supervisory  control  system; 
required  flow  characteristic  measurements  at  stipulated  locations 

Safety  Precautions 

No  special  precautions 

Inspections 


(1  ) Pipeline 


a.  Small  to  medium  leaks  that  will,  if  undetected, 
lead  to  rupture 

b.  Early  rupture  detection 


5. 2. 2. 6. a Inspection  Pig  - Kaliper  Type 

OTS  Component 

Undersea  pipeline 

Periodicity 

Every  six  months 

Inspection  Method  and  Procedures 

• Kali  per  inspection  pig  propelled  through  pipeline  by 
fluid  flow 

• Inspection  should  be  carried  out  after  pipeline  is 
cleaned  by  a good,  high  quality  cleaning  pig 

• Inspection  should  be  scheduled  when  pipeline  is  normally 
out-of-service  to  minimize  cost 

• Inspection  should  be  carried  out  just  before  inspection 
that  in  Section  5.2,2.6.b  to  reduce  cost  and  increase 
inspection  reliability 

• Inspection  should  be  carried  out  by  a qualified  inspection 
service 

Special  Equipment 

Pig  sending  and  receiving  traps,  pumps,  pressure  and  flow  monitors, 
locator  device  on  inspection  pig 

Safety  Precautions 

No  special  precautions 

Inspections 

1.  Pipeline 

a.  Changes  in  diameter 

b.  Buckles 

c.  Dents 

d.  Changes  in  wall  thickness 

e.  Flat  spots,  bends 

f.  Partially  closed  valves 

g.  Miscellaneous 


NOTE:  This  inspection  is  also  recommended  before  the  pipeline 
becomes  operational  for  background  and  reference  data. 


5.2.2.6.b  Inspection  Pig  - Magnetic  Flux  Type 

OTS  Component 

Undersea  pipeline 

Periodicity 

Every  six  months 

Inspection  Method  and  Procedures 

• Magnetic  flux  inspection  pig  propelled  through  pipeline  by 
fluid  flow 

• Inspection  should  be  carried  out  after  pipeline  is  cleaned 
by  a good,  high  quality  cleaning  pig 

• Inspection  should  be  scheduled  after  inspection  by 
Kali  per  inspection  pig,  to  reduce  costs  and  increase 
inspection  reliability 

• Inspection  should  be  carried  out  by  a qualified  inspection 
service 

Special  Equipment 

Pig  sending  and  receiving  traps,  pumps,  pressure  and  flow 
monitors,  locator  device  on  inspection  pig 

Safety  Precautions 

No  special  precautions 

Inspections 

(l)  Pipeline 

a.  Corrosion  severity 

b.  Hardspots 

c.  Manufacturer  defects 

d.  Cathodic  protection 

e.  Improper  bends 

f.  Gouges 

g.  Wrinkles 

h.  Hydrogen  blisters 

i . Bends 

j.  Pitting 

k.  Miscellaneous 


NOTE:  This  inspection  is  also  recommended  before  the  pipeline  becomes 
operational  for  background  and  reference  data. 


5. 2. 2. 7 Corrosion  Flow  Sampling 


OTS  Component 

Undersea  and  underground  pipeline 
Periodicity 

Continuous , weekly,  monthly 

Inspection  Method  and  Procedures 

Continuous  - corrosion  rate  probe  installed  inside  pipeline  and 
examined  weekly 

Weekly  - Laboratory  analysis  of  contents  in  flow  of 

• i ron 

• oxygen 

• inhibitor 

• sediment 

• etc. 

Weekly  - t-lonitoring  of  strainer  contents,  etc. 

Monthly  - Corrosion  rate  coupons,  installed  at  inlet  and  outlet 
of  pipelines,  examined 

Bi-annually  - Examinations  of  pig  trap  returns  after  pigging 
Special  Equipment 

Laboratory  analyzing  equipment,  corrosion  rate  coupons,  corrosion 
rate  probe,  monitoring  and  sampling  equipment 

Safety  Precautions 

No  special  precautions 

Inspections 

1.  Pipeline 

a.  Internal  pipeline  corrosion  trends 

b.  Miscellaneous  internal  damage  that  causes 

particles  to  break  off  and  to  be  carried  onshore  by  the 
flow 


5.2.2. 8 Cathodic  Protection  Inspection 
OTS  Component 

Undersea  and  underground  pipeline 
Periodicity 

Dai ly , monthly,  yearly 

Inspection  Method  and  Procedures 

Manufacturer's  recommended  inspection  and  procedures  should  be 
followed: 

e Potential  measurements  by  a diver 
• Anode  condition,  and  the  size  and  depth  of  pits  and 
cracks 

Special  Equipment 

Alarm  systems  for  proper  voltage  and  amperage  of  impressed 
current 

Safety  Precautions 

Diving  regulations  to  be  observed 

Inspections 

(1)  Daily 

a.  Impressed  current  systems  are  checked  daily  for  the 
proper  voltage  and  amperage 

(2)  Monthly 

a.  Platform  to  water  potential  reading  at  permanent 
platform  reference  points 

(3)  Yearly* 

a.  Pipeline  potential  readings 

b.  Exact  count  and  estimation  of  wastage 

c.  Check  anode  condition 

§ size  and  depth  of  pits  and  cracks 

• security  of  anode  to  mountings 

• damage 

- chipping 

- holes 

- check  insulating  flanges 

d.  Remove  excess  marine  growth 

NOTE:  * For  buried,  underground  and  undersea  pipeline,  inspection 
items  3b,  3c  and  3d  may  be  performed  over  a longer  period, 

e. g.,  5 years,  on  sample  sections. 


5.2.3 


SALM  SPM 


Recommended  inspections  and  replacements  for  the  OTS 
components  of  the  SALM  SPM  include  the  following: 

• Visual  inspection  on  buoy  (see  Section  5. 2. 3.1) 

• Diver  NDT  and  visual  inspection  of  SALM  components 
(see  Section  5. 2. 3. 2) 

t Manufacturer's  recommended  inspection  methods  and 

procedures  of  SALM  OTS  components  (see  Section  5. 2. 3. 3) 

• SALM-SPM  removed  for  onshore  inspection  (see  Section 

5. 2. 3. 4) 

• Dye  tracing  of  fluid  swivel  and  hose  arm  (see  Section 

5. 3. 1.5) 

A recommended  schedule  of  these  inspections  is  given  in  Table  5-3. 
Inspection  methods  and  procedures  are  described  in  detail  in 
subsections  that  follow. 

The  SALM  SPM  must  be  inspected  thoroughly  throughout  the  year 
because  of  the  possibility  of  OTS  component  oil  leakage  (spill  risk  about 
35  barrels  per  year)  and  the  possibility  of  SALM  SPM  external  component 
breaks  (from  buoy  to  PLEM).  These  breaks  can  cause  the  SALM  to 
separate,  cause  ship  breakout  and  result  in  hose  rupture  (oil  spill 
risk  about  150  barrels  per  year).  Recommended  inspections  of  the 
hose  arm  and  fluid  swivel  (primarily  by  diver  visual  and  NDT  and  by  dye 
tracing),  should  insure  that  the  oil  spill  risks  can  be  reduced 
significantly  (about  a factor  of  10).  However,  visual  inspections  on 
the  buoy  and  manufacturer's  recommended  inspections  and  maintenance 
procedures,  particularly  for  the  fluid  swivel,  also  should  be  carried 
out. 

The  cost-effectiveness  of  these  inspection  methods  and  procedures 
is  quite  low.  However,  there  appear  to  be  no  other  more  cost- 
effective  inspection  methods  and  procedures.  In  general,  most  of  the 
inspection  methods  and  procedures  included  here  are  carried  out  on 
SPMs  at  well -maintained  DWP  facilities.  It  would  be  unwise  to  exclude 
these  inspections  because  of  cost  considerations,  alone. 
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TABLE  5-3  RECOMMENDED  SCHEDULE  FOR  INSPECTIONS  AND  REPLACEMENTS  OF 
OTS  COMPONENTS  FOR  SALM  SPM 


r 


I 
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5. 2. 3.1  Visual  on  Buo. 


OTS  Component 

Mooring  buoy 

Periodicity 

Before  ship  visit,  weekly,  1 month,  3 months  or  after  storm  or 
after  collision 

Inspection  Method 
Visual  on  buoy 

Special  Equipment 

Only  standard  equipment  required 

Safety  Precautions 

No  special  precautions 

Insepctions 

(1)  Before  ship  visit 

Buoy  components 

a.  Radar  reflector 

• security  of  fastenings 

• damage 

b.  Obstruction  light 
e operating 

(2)  Each  week 

Buoy  components 
a.  Mooring  bracket 

• effectiveness 

• deterioration 

• security  of  fasteners 

• corrosion 

• physical  damage 

• NOT 


5, 2. 3.1  (Continued) 

b.  Pins 

• effectiveness 

• pin  dimension  measurement 

• deterioration 

• corrosion 

• physical  damage 

c.  Hawser  thimble 

• effectiveness 
e deterioration 

• corrosion 

« physical  damage 

3.  Each  month 

Buoy  Components 

a.  Manhole  covers 

• physical  damage 

• gasket  damage 

• corrosion 

• water  tightness 

b.  Compartment  water  tightness 

• complete  examination  of  buoy  body  compartments 
if  water  in  any  compartments,  check 


- sounding  air  vent  plugs 

- flooding  valves 

- piping  hull  penetrators 

- welds 

c.  Bulge/sump  pump 

e check  operation 


5.2. 3.1  (Continued) 

d.  Mooring  bracket 

• NOT.  magnetic  particle  or  ultrasonic 

e.  Mooring  pins 

• NDT  - liquid  penetrants 

f.  Hawser  thimble 

• NDT  - liquid  penetrants 

g.  Fenders  above  low  water  level 

• condition  of  fenders 
t security  of  fasteners 

h.  Paint 

• damage  to  protective  coating  or  structure 
t deterioration  of  protective  coating 

• debris 

• fouling 

4.  Three  months 
Buoy  Components 

a.  Buoy  body  above  water  line 

• inspect  damage 

• paint  deterioration  (repaint  affected  areas) 

• corrosion 

• security  of  fasteners 

b.  Buoy  ladders 

• external  damage 

• security  of  fasteners 
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5.2. 3.2  Diver  NDT  and  Visual 


OTS  Component 

Mooring  buoy,  fluid  swivel,  hose  arm,  riser  shaft,  PLEM,  mooring 
base,  and  connection  between  main  components  * 

Periodicity 

1 month,  3 months,  6 months,  or  after  storm  or  collision 

Inspection  Method 

Diver  (ibt  and  visual 

Special  Equipment 

Diving  equipment,  inspection  equipment— ultrasonics,  magnetic  foil, 
calipers,  gatima-ray,  torque  wrench,  pneumofathometer 

Safety  Precautions 

lanker  not  moored  to  buoy 
All  diving  regulations  observed 

Inspections 

1 . Monthly 

Buoy  Components 

a.  Condition  of  submerged  fenders 

• securing  of  fenders 

b.  Condition  of  submerged  surfaces  of  buoy  hull  unprotected 
by  fenders 

• external  damage 

• deterioration  of  protective  coating 
e coating 

• extent  and  nature  of  marine  growth 
Hose  arm 

a.  Connections 

• leakage 

• hose  connection  must  conform  to  specified  length 
requirement 

• adequate  clearance  between  bumper  rail  and  hose  for 
absence  of  kinking 


*Buoy  universal  joint,  anchor  chain  attachment  bracket,  anchor  chain, 
chain  swivel,  shaft  universal  joint,  connector-universal  joint  to 
fluid  swivel,  bolts 
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5.2. 3.2  (Continued) 

b.  Upper  and  lower  buoyancy  tanks 

• check  tanks  are  in  proper  position 

• corrosion 

• damage 

• security  of  fasteners 

(2)  Three  months 
Buoy  Components 
a.  Buoy  anodes 

• check  condition 

• indicate  percent  of  consumption 

• cleanliness 

• extent  and  nature  of  marine  growth 

• security  of  anodes  to  mountings 

• external  damage 

Hose  arm 

a.  Inclination  and  clearance  to  bumper  rail 

• check  for  proper  clearance  between  bumper  rail  and 
resilient  bumper 

- adjustment  should  preferably  be  made  by 
removing  water  from  buoyancy  tank  at  low  end, 
if  no  water  at  low  end,  add  water  to  high  end 

b.  Ball  valves  and  miscellaneous  valves 

• check  for  leakage 

• operate  valve  and  check  valve  characteristics 

- opening  time 

- closing  time 

- fully  open 

- fully  closed 


• corrosion 

• physical  damage 

• tighten  bolts  with  torque  wrench 

External  buoy  components 

a.  All  bolts  and  fasteners 

• check  tightness  with  torque  wrench 

b.  Universal  joints  - buoy  and  base 

• damage  or  loss  of  components 

t bearing  material  not  being  ejected  from  housing 

• inspect  with  magnetic  particle  or  gamma-ray(welds,etc) 


5. 2. 3.2 


[Continued) 


• check  corrosion 

• check  wear  rate  and  compare  with  previous  inspection 

• extent  and  nature  of  marine  growth 

• examine  webs  and  brackets  for  fairness  and  freedom 
from  buckling 

• check  bolt  tightness 

c.  Anchor  chain  attachment  bracket 

• examine  bracket  with  magnetic  particle  (or  magnetic 
rubber,  if  available)  or  gamma-ray  inspection 

• measure  rate  of  wear  and  compare  with  previous 
inspection 

• check  tightness  of  bolts 

• check  corrosion 

d.  Anchor  chain 

• measure  length  of  chain  links 

• check  corrosion 

t check  for  external  damage 

• extent  and  nature  of  marine  growth 

e.  Chain  swivel 

• degree  of  twist  of  chain  necessary  to  rotate  swivel 

• comparison  of  angle  of  twist  with  previous  inspection 

f.  Connector  between  universal  joint  and  fluid  swivel 

• seating  of  U- joint  base  plate  on  top  of  product 
center  shaft 

• seating  of  locking  caps  for  key  lock  bolts 

• corrosion 

• external  damage 

• extent  and  nature  of  marine  growth 

• examine  with  magnetic  particle,  gamma-ray  or 
ultrasonic 

Riser 


Product  transfer  pipe 

• seated  properly  in  supports 
t check  for  leakage 

• check  condition  of  anodes  for 

- wastage 

- cleanliness 

- external  damage 

- extent  and  nature  of  marine  growth 

- corrosion 

- security  of  anodes  to  mountings 
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5. 2. 3. 2 (Continued 


• fouling 

• corrosion 
0 damage 

b.  Housing 

0 external  damage 
0 corrosion 

0 check  thickness  with  NDT  active  ultrasonics 
0 extent  and  nature  of  marine  growth 
0 fouling 

c.  Bolts 

0 check  bolt  tightness  with  torque  wrench 
Mooring  base 

a.  Anodes 

0 wastage 
0 cleanliness 
0 external  damage 

0 extent  and  nature  of  marine  growth 
0 corrosion 

0 security  of  fasteners 
0 fouling 


b.  Siltation  level 

0 measure  siltation  level  from  the  lower  flange  of 
the  lowest  swivel  joint 

Liquid  swivel  assembly 

a.  Skirts 

0 check  integrity 

b.  Proper  greasing  procedures  have  been  carried  out 
(3)  Six  Months 

Mooring  buoy 

a.  Mooring  table  welds  (CALM) 

0 examine  10%  of  highly  stressed  welds  for  fatigue 
cracking  by  NDT  methods  (primarily  active  ultrasonics 
or  magnetic  particle) 
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5. 2. 3. 2 (Continued 


b.  Ladder  equipment 

• rope  grip  to  be  checked 

Hose  arm 

a.  Resilient  bumpers  under  buoyancy  tanks 

• check  for  proper  condition 
t external  damage 

• security  of  fasteners 

• corrosion 

• marine  growth 

Liquid  swivel  assembly 

a.  Gasket  seals 

• leakage  at 

- flange  joint  between  swivel  joints  and  swivel 
housing 

- exterior  clearance  between  the  stationary 
and  moving  parts  of  each  swivel  joint 

• uniform  gap  between  retaining  ring  and  top  of  upper 
fluid  swivel  joint 

b.  All  horizontal  and  vertical  swivel  joints 

• leakage  while  under  operating  conditions 

c.  Brackets  between  upper  and  lower  swivel  housing 

• excessive  torque  resistance  of  upper  swivel  assembly 

- deformation  of  guiding  brackets 

- dislocation  of  guiding  brackets 

d.  Rotation  of  upper  and  lower  swivel  housing 

• free  rotation  of  the  hose  and  hose  arm  around  the  buoy 

• examine  tendency  of  hose  to  kink  during  rotation 
around  the  buoy 

• examine  tendency  of  hose  to  be  unduly  strained 
during  rotation  around  the  buoy 

e.  Remove  all  marine  growth 
PLEM 


a.  Valves 

• check  for  leakage 

• operate  valve  and  check  characteristics 
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5. 2. 3. 2 


(Continued) 

-opening  time 
-closing  time 
-fully  open 
-fully  closed 

• corrosion 

• physical  damage 

• tightness  of  bolts 

• extent  and  nature  of  marine  growth 

b.  Piping 

• leakage 

• external  damage 

• corrosion 

• examine  using  NOT  - active  ultrasonics  and  magnetic  foil 

• tighten  bolts  with  torque  wrench 

• extent  and  nature  of  marine  growth 

c.  Chamber 

• leakage 

• external  damage 

• corrosion 

f marine  growth 

• examine  using  NOT  - active  ultrasonics  and  magnetic  foil 

• tighten  bolts  with  torque  wrench 
0 marine  growth 

d.  Flanges  and  gaskets  and  seals 

0 leakage 
0 external  damage 
0 corrosion 

0 examine  using  NOT  - active  ultrasonics,  magnetic  foil, 
seal  leak  detector  milk-type  solution 
0 tighten  bolts  with  torque  wrench 

Mooring  base 

a.  Piping 

0 leakage 
0 external  damage 
0 corrosion 

0 examine  using  NOT  - active  ultrasonics  and  magnetic  foil 
0 tighten  bolts  with  torque  wrench 
0 extent  and  nature  of  marine  growth 


?■ 
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5.2. 3.2  (Continued) 

b.  Bolted  connections  of  fluid  swivel  assently  to  mooring 
base  structure 

• check  for  bolt  tightness  with  a torque  wrench 

c.  Bumper  rail 

• remove  marine  growth  to  reduce  friction  between 
hose  arm  bumper  and  bumper  rail 

d.  Base 


t inspect  perimeter  of  base  for  scour 

- visual 

- pneumofathometer 


5. 2. 3. 3 Manufacturer's  Recotmiended  Inspection  Methods  and 
Procedures  of  SALM  OTS  ComponentT 


OTS  Component 

All  SALM  components 

Periodicity 

See  manufacturer's  recommendations 
Inspection  Method 

See  manufacturer's  recommendations 

Special  Equipment 

See  manufacturer's  recommendations 

Safety  Precautions 

See  manufacturer's  recommendations 

Inspections 

See  manufacturer's  recommendations 


5.2. 3.4  SALM  $PM  Removal  for  Onshore  Inspection 

OTS  Component 

SAlM  m 

Periodicity* 

5 years 

Inspection  Method 

Removal  for  on-land  inspections 

Special  Equipment 

Only  standard  equipment  required 

Safety  Precautions 

No  special  precautions 

Inspections 

(1)  SALM  SPM 

Manufacturer's  recommended  inspection  and  maintenance 


NOTE:  * Removal  schedule  for  on-land  inspections  may  .vary  depending 
upon  conditions  such  as 

• bad  weather,  storms,  or  collisions 

• high  usage 

• DWP  environmental  conditions 

• results  of  other  inspections  while  installed 

• miscellaneous 
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5.2.4  CALM  SPM 


Recottmended  inspection  and  replacements  for  the  OTS  components 
of  the  CALM  SPM  include: 

• Visual  and  NDT  inspections  on  the  buoy  (see  Section  5. 2. 4.1) 

• Diver  NDT  and  visual  inspections  of  CALM  OTS  components 
(see  Section  5. 2. 4. 2) 

• Manufacturer  recommended  inspection  methods  and  procedures 
of  CALM  components  (see  Section  5.2.4. 3) 

• CALM  SPM  removal  for  onshore  inspection  (see  Section  5. 2. 4. 4) 

• Underbuoy  Hose  String  inspections  - same  as  those  for  the 
submarine  hose  string  - see  Section  5.2.1 

The  CALM  SPM  must  be  inspected  thoroughly  throughout  the  year 
because  of  the  moderate  risk  of  oil  leakage  (about  66  barrels  per  year) 
from  OTS  components  and  the  high  risk  of  oil  spills  (about  750  barrels 
per  year)  from  the  underbuoy  hose  string.  The  recommended  inspections 
of  the  CALM  SPM,  excluding  those  for  the  underbuoy  hose  string,  are 
expected  to  decrease  the  oil  spill  risk  only  moderately  (about  25%). 

These  recommended  inspections  now  are  normally  carried  out  at  well- 
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TABLE  5-4  RECOMMENDED  SCHEDULE  FOR  INSPECTIONS  AND  REPLACEMENTS  OF 
OTS  COMPONENTS  FOR  CALM  SPM 


laapcccloa  aatheds  and  periodicity  Section  5.2. 


5.2.4. 1 Visual  and  NDT  Inspections  of  Buoy 


OTS  Component 

Mooring  buoy 

Periodicity 

Before  ship  visit,  weekly,  1 month,  3 months,  yearly  or 
after  storm  or  collision 

Inspection  Method 
Visual  and  NDT 

Special  Equipment 

Inspection  equipment  - ultrasonics,  magnetic  foil,  calipers, 
gamma-ray,  torque  wrench,  etc. 

Safety  Precautions 

No  special  precautions 

Inspections 

1.  Before  ship  visit 
Buoy  examined  for: 

a.  Anchor  lines 

• check  positioning  of  buoy 

b.  Obstruction  light 

• exercise  to  insure  operable  condition 

• security  of  fasteners 

• damage 

2.  Each  week 

Mooring  buoy  examined  for: 

• Physical  damage 

- cracks 

- buckling 

- holes 


I 


5-57 


5.2.4. 1 j 

Continued) 

t corrosion 

- check  operation  of  any  corroded  moving 
component 

b. 

Product  distribution  unit 

• physical  damage 

- cracks 

- buckling 

- holes 

• verify  proper  operation 

c. 

Mooring  bracket 

• effectiveness 

• deterioration 

• security  of  fasteners 

• corrosion 

• physical  damage 

d. 

Pins 

• effectiveness 

• pin  dimension  measurement 

• deterioration 

• corrosion 

• physical  damage 

e. 

Hawser  thimble 

• effectiveness 

9 deterioration 

• corrosion 

• physical  damage 

f. 

Product  distribution  unit 

• physical  damage 

- cracks 

- buckling 

- holes 

• verify  operation 
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5.2.4. 1 

(Continued) 

(3) 

Each  nwnth 

Buoy 

a.  All 

structural  components 

• 

physical  damage 

- cracks 

- buckling 

- holes 

e 

check  for  fouling 

• 

inspect  ana  repair  all  paint  damage 

• 

corrosion 

- check  operation  of  any  corroded  mooring  component 

t 

check  for  debris 

• 

security  of  fasteners 

b.  Buoyancy  compartments 

• 

check  manhole  covers  and  hatches 

- water  tightness 

- gasket  damage 

- corrosion 

t 

sound  buoyancy  compartment 

• 

pump  out  all  water  in  compartment;  if  water  in  any 
compartment  check 

- sounding  air  vent  plugs 

- flooding  valves 

- piping  hull  penetrator 

- welds 

t 

security  of  fasteners 

c.  Obstruction  light 

t 

exercise  to  insure  operable  condition 

• 

security  of  fasteners 

• 

corrosion 

t 

damage 

• 

inspect  for  scratches  on  lens  or  damage  to  lens  and 
replace  as  necessary 

« 

check  assembly  for  water  tightness 

• 

check  power  output  of  batteries 

5, 2.4.1  (Continued) 

d.  Radar  reflector 

• security  of  fastener 

• damage 

• corrosion 


e.  Mooring  bracket 

• NOT  - magnetic  particle  or  ultrasonic 

f.  Mooring  pins 

• NDT  - liquid  penetrants 

g.  Hawser  thimble 

• NDT  - liquid  penetrants 

h.  Product  distribution  unit 

• corrosion 

- thorough  visual  examinations  for  corrosion 

- check  improper  operation  of  corroded  moving 
component 

i.  Turntable  roller  bearing 

t drain  turntable  roller  bearing  chamber 

- depending  on  volume  of  drain-off,  inspect 
appropraite  seals  as  necessary 

• lubricate  turntable  roller  bearing 

• check  all  bolt  tightness 

• grease 

j.  Mooring  arm  and  unloading  and  balancing  arm 

• lubricate  ball  bearing 

• grease  rotating  joints 


k.  Valves 

• check  for  leakage 

• operate  valve  and  check  valve  characteristics 

- operating  time 

- closing  time 

- fully  open 

- fully  closed 

• corrosion 

• physical  damage 

• tightness  of  bolts 
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5.2. 4.1  (Continued) 

l.  Control  pipe  swivel  unit 

§ check  all  bolt  tightness 

• lubricate 

• grease 

m.  Winch  motor  and  hoisting  equipment 

(should  be  stored  ashore  and  only  used  when  necessary) 

(4)  Every  three  months 
Buoy 

a.  Product  distribution  unit  (with  cargo  hoses  pressurized) 

• inspect  for  leaks 

- visual 

- seal  leak  detector 

• replace  seals  as  necessary 

b.  Product  distribution  unit  (with  cargo  hoses  pressurized  and 
dye  inserted) 

• inspect  for  leaks 

- visually 

c.  Expansion  pieces 

• inspect  interior  of  expansion  unit 

• replace  as  necessary 

d.  Anchor  chains 

• lost  pretension 

• chain  wear  close  to  underside  of  fender  and  skirt 
e replace  as  necessary 

• exercise  chain  stopper 

(5)  Yearly 
Buoy 

a.  Anchor  chain  (disconnect  one  chain  and  bring  to  surface 
for  thorough  inspection) 

• wear 

• cracks 

• chain  lenght  (replace  if  length  increased  by  S%) 

• chain  link  diameter  (replace  if  diameter  decreased 
by  5%) 


5. 2. 4.1  (Continued) 

• corrosion 

• NDT  inspection  of  suspect  areas 

- liquid  penetrants 

- x-ray  inspection 

• replace  as  necessary 
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5.2.4. 2 Diver  NDT  and  Visual  Inspections  of  CALM  Components 
OTS  Component 

Mooring  buoy,  anchor  chains,  PLEM,  Mooring  base 
Periodicity 

1 week,  3 months,  6 months,  yearly  or  after  storm  or  collision 

Inspection  Method 

t)i  ver  Nt)T  and  visual 

Special  Equipment 

Diving  equipment,  inspection  equipment  - ultrasonic,  magnetic  foil, 
torque  wrench,  pneumofathometer 

Safety  Precautions 

Tanker  not  moored  to  buoy 
All  diving  regulations  observed 

Inspections 

(1)  Weekly 
Anchor  chains 

• check  nuts  on  clamps  on  anchor  chains 

(2)  Three  months 
Buoy 

a.  Buoy  anodes 

• check  condition 

• indicate  percent  of  consumption 

• cleanliness 

• extent  and  nature  of  marine  growth 

• security  of  anodes  to  mounting 

• external  damage 

b.  Anchor  chains 


• check  chain  wear  and  stopper  conditions  under  buoy 
of  one  chain 

• check  one  chain  buoy  to  sea  bottom  for  wear 

• read  chain  angles 

c.  Mooring  base 

• anodes 

- wastage 

- cleanliness 
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5.2. 4. 2 (Continued) 

- external  damage 

- extent  and  nature  of  marine  growth 

- corrosion 

- security  of  fastening 

- bolt  tightness  with  torque  wrench 

(3)  Six  months 
PLEM 


a.  Valves 

• check  for  oil  leakage 

• operate  valve  and  check  valve  characteristics 

- opening  time 

- closing  time 

- fully  open 

- fully  closed 

• corrosion 

• physical  damage 

• tightness  of  bolts 

• extent  and  nature  of  marine  growth 

b.  Piping 

• leakage 

• external  damage 

• corrosion 

• examine  using  NDT  - active  ultrasonics  and  magnetic  foil 

• tighten  bolts  with  torque  wrench 

• extent  and  nature  of  marine  growth 

c.  Chamber 

• leakage 

• external  damage 

• corrosion 

• mari ne  growth 

• examine  using  NDT  - active  ultrasonics  and  magnetic  foil 

• tighten  bolts  with  torque  wrench 

• extent  and  nature  of  marine  growth 

Mooring  base 


a.  Piping 

• leakage 

• external  damage 
f corrosion 


5. 2, 4. 2 (Continued 


• examine  using  NOT-  active  ultrasonic  and  magnetic  foil 

• tighten  bolts  with  torque  wrench 

• extent  and  nature  of  marine  growth 

b.  Bolted  connections  to  PLEM  and  underbuoy  hoses 

• check  bolt  tightness  with  a torque  wrench 

c.  Base 

• inspect  perimeter  of  base  for  scour 

- visual 

- pneumofathometer 
Anchor  chain  piles 

• inspect  perimeter  of  piles  for  scour 

- visual 

- pneumofathometer 

Buoy 

• survey  horizontal  position  of  buoy 

(4)  Yearly 

Anchor  chain 

• remove  one  anchor  chain  and  bring  to  surface  for 
inspection 
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5. 2. 4. 4 CALM  SPM  Removal  for  Onshore  Inspection 
OTS  Component 

m.wm 

Periodicity 
5 years 

Inspection  Method* 

Removal  for  on-land  inspections 

Special  Equipment 

Only  standard  equipment  required 

Safety  Precautions 

No  special  precautions 

Inspections 

(1)  CALM  SPM 

Manufacturer's  recommended  inspection  and  maintenance 


NOTE:  * Removal  schedule  for  on-land  inspections  may  vary  depending 
upon  conditions  such  as: 

• bad  weather,  storms,  collisions 

• high  usage 

• DWP  environmental  conditions 

• results  of  other  inspections  while  installed 

• miscellaneous 
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5.2.5  Offshore  Platform  and  the  Pumping  and  Metering  Systems 


I 


Oil  spill  risks  are  quite  low,  about  a barrel  per  year,  for 
the  offshore  platform  and  pumping  and  metering  systems.  As  noted 
previously,  the  risk  value  is  low  because  of  the  secondary  containment 
provided  by  the  curbed  decking.  In  view  of  these  conditions,  most 
inspection  methods  currently  in  use  at  well -maintained  facilities  are 
recommended.  These  include; 

1.  OTS  components  on  the  platform,  deck,  water  surrounding  the 
platform,  and  the  oily  water  separator 

• Daily  visual  inspections  of  all  external  OTS  structures  and 
water  surrounding  the  platform; 

e Strict  adherence  to  the  manufacturer's  inspection  schedules 
and  maintenance  of  platform  OTS  components,  and  the  pumping 
and  metering  system; 

• Control  room  monitoring,  alarms,  and  shutoff  of  all  valves, 
machinery  and  other  equipment  that,  if  not  operating  properly 
or  in  the  incorrect  operational  mode,  can  cause  an  oil  spill 
incident; 

• Redundant  equipment  to  replace  critical  OTS  components  that 
can  fail ; 

e Oil  spill  detectors  installed  on  the  platform  at  critical 
locations  around  the  structure  to  aid  visual  inspection  from 
the  platform  for  oil  spills  (detectors  should  be  installed, 
for  example,  where  the  undersea  pipeline  connects  to  the 
platform  piping); 

• Yearly  NDT  and  visual  inspections. 

2.  Platform  Structure 

• Visual  on  the  deck  and  diver  visual  and  and  NDT  underwater 
inspections  of  the  platform  structure.  On  a yearly  basis  and 
after  collisions,  earthquakes,  and  severe  storms. 

The  first  five  recommended  inspection  methods  and  procedures  for 
platform  components,  deck  and  water  surrounding  the  platform  are  self- 
explanatory  and  will  not  be  discussed  further.  These  methods  may  not 


5-68 


r 


1 


produce  any  significant  reduction  in  the  oil  spill  risk  per  year. 

However,  they  will  effectively  maintain  the  integrity  of  the  oil  transfer 
system  and  continue  to  minimize  the  number  and  extent  of  pollution  on 
the  platform  and  in  the  water  surrounding  the  platform. 

Yearly  NDT  and  visual  inspections  by  inspection  teams  are  recom- 
mended for  the  OTS  components  on  the  platform.  These  include  the  OTS 
components  of  the  waste  disposal  system,  oily  water  separation  system, 
piping  upstream  from  the  pumps,  pump  section,  piping  downstreat  from 
the  pumps,  the  fire  protection  system  and  ship  navigational  aids.  Both 
visual  and  NOT  inspection  should  be  used.  The  main  NDT  methods  should 
include  active  ultrasonics,  radiography  (X-ray,  gamma-ray  and  back-scatter 
gamma-ray--dependi ng  upon  OTS  component)  and  magnetic  particle  inspection 
of  piping  and  vessels.  Ultrasonic,  radiographic  and  magnetic  particle 
inspections  should  be  used,  where  appropriate,  on  other  components  such  as 
manifolds,  block  valves,  strainers,  check  valves,  flanges,  seals,  etc. 

The  tightness  of  all  bolts  should  be  checked.  Deck  inspections  should 
include  a complete  examination  for  corrosion,  cracks  or  external  damage 
in  order  to  minimize  the  possibility  of  leakage  of  oil  through  holes  in 
the  deck.  Annual  inspections  should  be  carried  out  at  specified  locations 
(typically  about  5000)  for  the  OTS  components  on  the  platform.  Also,  about 
10  percent  of  the  additional  area  should  be  inspected  yearly  using 
quick,  simple  methods  such  as  visual,  dye  tracing  and  ultrasonics.  In 
general,  ultrasonics  and  magnetic  particle  inspection  should  be  used 
because  of  their  low  cost.  Radiographic  methods  should  be  used 
in  areas  where  other  methods  are  difficult  to  apply.  Also,  these 
inspections  should  be  used  when  permanent,  easily  understood 
inspection  records  are  needed  for  either  certain  critical  OTS  components 
or  to  follow  the  history  of  components  that  have  defects  not  serious 
engough  to  require  replacement. 

The  recommended  annual  inspection  of  the  platform  structure  is 
essential  to  maintain  its  integrity  and  to  effectively  maintain  the 
small  relative  oil  spill  risk  of  about  1.2  barrels  per  year  shown  in 
Table  4-1.  More  importantly,  however,  these  inspection  methods  and 
procedures  should  attain  a significant  reduction  in  the  large  nominal 
spill  size  (4000  barrels  of  oil)  that  could  be  caused  by  damage  to 


n 

11 


5-69 


the  platform.  Annual,  visual  and  NDT  inspections  recommended  include 
the  following: 

• Visual  inspection  of  the  entire  structure; 

• Removal  of  marine  growth  from  all  major  weld  areas  for 
visual  inspection  of  cracking,  corrosion  or  other  damage; 

• Examination  of  10  percent  of  the  weld  areas  using  NDT 
inspection,  foil  or  magnetic  particle  is  recommended 

- if  damage  is  noted,  examine  severity  of  defect  by 
ultrasonic  inspection, 

- if  damage  is  severe  enough  to  possibly  warrant  repair, 
inspect  with  radiographic  or  ultrasonic  imaging; 

• Measure  wall  thickness  of  10  percent  of  tubular  members  with 
ultrasonic  inspection  to  check  for  corrosion  damage; 

• Inspect  corrosion  inhibiting  system; 

• Map  marine  growth,  scour  and  debris; 

• Examine  riser  with  ultrasonic  inspection  and  check 
tightness  of  all  clamps  and  bolts. 

If  inspections  indicate  extensive  damage  caused  by  defective  welds, 
corrosion,  structural  damage,  etc.,  a complete  examination  of  the  platform 
structure  should  be  carried  out.  Underwater  inspections  by  divers  and 
support  personnel  should  use  the  following  general  procedure. 

(1)  Inspection  surveys  should  be  recorded  by  videotape  photographs 
or  other  equivalent  techniques  and  a written  report  submitted 
that  includes, 

• structure  description 

• inspection  methods  and  techniques  used 

- specific  areas  of  platform  inspected 

• inspection  results  (include  specific  location)  of 

- damage 

- corrosion 

- pitting 

- weld  damage 


- map  of  marine  growth,  scour,  debris 

- condition  of  corrosion  inhibiting  system 

- weather  conditions; 

(2)  High  pressure  cleaning,  wire  brush,  sanding,  etc.  should  be 
performed  on  underwater  components  (typically  10  percent)  of 
the  structure  that  are  inspected  by  NOT  and  visual  techniques; 

(3)  All  applicable  U.  S,  diving  regulations  and  procedures  for  j 

offshore  facilities  will  be  followed.  | 

i 

I 

i 
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5.2.6  Onshore  Pipeline  and  Appurtenances 


Recomnended  inspection  methods  and  procedures  for  the  onshore 
pipelines  and  appurtenances  include  the  following: 

(1)  Underground  Pipeline  - Rupture 

• Visual  (see  page  5-74) 

e Hydrostatic  (see  Section  5. 2. 2. 4) 

• OTS  control  - mathematical  modeling  (see  Section  5. 2. 2. 5) 

• Inspection  pig 

- Kali  per  (see  Section  5.2.2.6a) 

- Magnetic  flux  (see  Section  5.2.2.6b) 

• Corrosion  flow  Simpling  (see  Section  5. 2. 2. 7); 

(2)  Underground  Pipeliine  - Corrosion,  Weld  Defects 

• Hydrostatic  (pressure  drop)  (see  Section  5. 2. 2. 4) 

• Inspection  pig 

- Magnetic  flux  (see  Section  5.2.2.6b) 

t Corrosion  flow  sampling  (see  Section  5. 2. 2. 7); 

(3)  Underground  Pipeline  - Cathodic  Protection 

• Manufacturer's  inspection  schedule  and  maintenance 
program  (see  Section  5. 2. 2. 8) 

• Inspection  pig 

- Magnetic  flux  (see  Section  5.2.2.6b); 

(4)  Aboveground  Pipeline  (Rupture,  Corrosion,  Weld  Defects) 
e Visual  (See  page  5-74) 

• Nondestructive  testing  and  visual  (see  pages  5-74  and  5-75) 

(5)  Booster  Station 

• Visual  (see  pages  5-74  and  5-75) 

• Nondestructive  (see  pages  5-74  and  5-75) 

e Manufacturer's  inspection  schedule  and  maintenance 
(see  page  5-74) 

• Control  room  monitors,  alarms,  shutoff  (see  page  5-74) 

A recommended  schedule  of  these  inspection  methods  is  given  in  Table  5-5. 
These  inspection  methods  and  procedures  are  discussed  in  the  following 
paragraphs. 
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Visual  Inspection  of  above  ground  pipeline  (see  pages  S-72  and  3-74). 

Nondestructive  testing  and  visual  inspection  of  above  ground  pipeline  (see  pages  3-72,  3-74,  3-73). 
Hanufacturers  Inspection  schedule  and  aaincenance  of  booster  station  (see  pages  3-72  and  3-74). 
Control  zoom  aonitoTS.  alarms,  shutoff  of  booster  station  (see  pages  3-72  and  3-74). 
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Inspections  of  the  underground  pipeline  are  of  the  same 
importance  as  those  of  the  undersea  pipeline  and  for  the  same  reasons. 

Hence,  most  of  the  recommended  inspection  methods  and  procedures  (and 
corresponding  discussion)  are  the  same  as  for  the  undersea  pipeline 
and  will  not  be  repeated  here.  (Inspections  for  the  undersea  pipeline 
are  described  in  Section  5.2.2).  The  only  exceptions  to  the  recommended 
inspections  are  that  diver  inspections  are  obviously  not  required 
and  that  weekly  visual  inspections  from  a helicopter  or  aircraft  are 
recommended  instead  of  Sonar  (sidescan  and  penetrating),  hydrocarbon 
probe  and  mapping.  It  is  expected  that  weekly  inspection  of  the 
ground  above  the  pipelines  can  be  carried  out  by  helicopter  operating 
personnel  who  will  be  normally  traveling  from  the  onshore  terminal  to 
the  platform  for  routine  duties  (shuttle  personnel,  equipment  and 
supply  deliveries,  etc.)  and  hence  will  be  of  low  cost.  Visual 
inspections  by  an  inspector  walking  above  the  pipeline  is  recommended 
on  a bi-weekly  basis. 

Oil  spill  risks  for  the  OTS  components  of  the  aboveground  pipeline 
and  appurtenances,  including  the  booster  pump  station,  are  extremely  low 
(less  than  a barrel  a year)  for  well  equipped  and  well-maintained  facilities. 
Hence  inspection  methods  currently  in  use  are  recommended.  These  include: 

(1)  Daily  visual  inspections; 

(2)  Strict  adherence  to  manufacturer's  inspection  schedules  and 
maintenance  recommendations  of  booster  station  OTS  components; 

(3)  Control  room  monitoring,  alarms,  and  shutoff  of  all  valves, 
machinery,  and  other  equipment  that,  if  not  operating  properly 
or  in  the  incorrect  operational  mode,  can  cause  an  oil  spill 
incident; 

(4)  Yearly  NDT  and  visual  inspections. 

Annual  inspections  by  teams  are  recommended  for  the  aboveground 
piping  and  booster  station  OTS  components.  Inspection  should 
include  visual  and  NDT  methods.  The  main  NDT  methods  includes 
ultrasonic  radiography  (X-ray,  gamma-ray,  backscatter  gamma-ray, 
where  appropriate)  and  magnetic  particle  inspection  of  all  piping  and 
vessels.  Either  ultrasonic,  radiographic  and  magnetic  particle  inspec- 
tions should  also  be  used,  where  appropriate,  on  manifolds,  block  valves. 
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strainers,  check  valves,  flanges,  etc.  Annual  inspections  should  be 
carried  out  at  specified,  referenced  locations  (typically  about 
5000)  for  the  above  OTS  components.  Ultrasonics  and  magnetic 
particle  should  be  used  for  most  inspections  because  of  their  low 
cost.  Radiographic  inspections  should  be  carried  out  in  areas 
where  other  methods  are  difficult  to  apply.  Also,  additional  areas 
should  be  inspected  each  year  using  quick,  simple  inspections  such 
as  liquid  penetrants. 

5.2.7  Onshore  Storage  Terminal 

Oil  spill  risks  are  negligible  (<0.1  barrel  per  year)  for 
the  OTS  components  of  the  onshore  storage  facilities.  As  noted 
previously,  this  is  due  to  the  secondary  containment  system,  a 
retaining  dike  around  the  onshore  terminal,  that  greatly  limits 
the  possibility  of  escape  of  oil  outside  the  facility.  Hence,  the 
only  inspections  that  are  necessary  and  are  recommended  are  daily 
visual  inspection  of  the  drainage  control  system  (this  includes 
the  retaining  dikes  and  the  drain  valve  from  the  dike)  and  a 
continuous  control  monitor  on  the  valve.  Manufacturer's  suggested 
maintenance  and  inspection  of  the  control  system  and  drain  valve 
operation  is  also  recommended. 
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5.3  RECOMMENDATIONS  FOR  DEVELOPMENT  OF  IMPROVED  INSPECTION 

TECHNIQUES 

Inspection  methods  and  procedures  recommended  for  further 
development  include  the  following: 

(1 )  Hose  and  String 

• Acoustic  array  (see  Section  5. 3. 1.1) 

• Oil  spill  detector  on  ship  (see  Section  5. 3. 1.2) 

• OTS  control  system,  approximately  1 percent  accuracy 
(pressure,  flow,  etc.)  installed  on  ship,  SPM,  PLEM 
and  pumping  platform  (see  Section  5. 3. 1.3) 

• Optical  borehole  (with  hose  string  evacuation) 

(see  Section  5.3.1 .5) ; 


(2)  Mooring  System 

• Acoustic  array  (see  Section  5. 3. 1.4); 


(3)  Piepl ine 

0 Pipeline  inspection  pig  with  low-light  TV  (development 
of  TV  transmission  techniques  only)  (see  Section  5.3.2.2.b) 

0 Pipeline  inspection  pig  with  ultrasonic  imaging  (develop- 
ment applies  only  to  modification  for  use  on  54-inch 
pipelines)  (see  Section  5. 3. 2. 2. a) 

0 Acoustic  Array  (see  Section  5. 3. 2.1). 

The  recommended  schedule  of  these  inspections  was  presented  in 
Tables  5-1  and  5-2.  Inspection  methods  and  procedures  utilizing  these 
techniques  are  described  in  detail  in  the  following  paragraphs. 

The  acoustic  array  system  (Section  5.3.1.1),  if  developed ,. is 
highly  cost-effective  (less  than  $1K  per  barrel  saved)  for  detecting 
leaks  and  incipient  failures  in  the  hose  string.  This  is  the  only 
inspection  method  that  could  provide  effective  and  continuous  detection 
during  offloading  in  darkness  and  bad  weather.  In  addition,  this 
inspection  method  can  be  used  when  not  offloading.  Implementation  of 
the  acoustic  array  system,  together  with  the  recommended  methods 
described  previously,  is  expected  to  further  improve  both  the  reliability 
and  the  effectiveness  (relative  risk  of  oil  spilled  reduced  from  900  to 
500  bbls).  Finally,  the  acoustic  array  system,  if  developed  to  its 
fullest  potential,  could  reduce  the  extent  of  the  recommended  continuous 
visual  inspections  and  could  extend  the  operating  life  of  the  hose  string. 
The  acoustic  array  system  requires  low  developmental  costs. 
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Continuous  monitoring  with  an  oil  spill  detector  on  the  deck 
of  the  VLCC  (see  Section  5. 3. 1.2)  would  provide  improved  visual  inspection, 
particularly  during  the  nighttime.  The  development  of  such  a detector 
should  satisfy  a number  of  requirements:  portability,  light-weight, 
separate  power  supplies,  safe  and  explosion  proof,  compensation  for  the 
draft  of  the  ship  during  offloading,  discrimination  between  thin  and 
thick  oil  spill,  ruggedness,  reliability,  and  operational  simplicity. 

It  is  expected  that  the  development  cost  of  this  inspection  device  would 
be  relatively  low.  Commercial  detectors  are  available  that  satisfy  many 
of  the  noted  requirements,  and  these  could  be  engineered  for  deepwater 
port  use. 

A moderately  accurate  OTS  control  system  (see  Section  5. 3. 1.3) 
that  continuously  monitors  flow  (pressure,  flow  rate,  etc.)  during 
offloading  at  optimal  locations  between  the  ship,  SPM,  PLEM  and  the 
pumping  platform  also  is  recommended.  If  the  hose  string 
is  monitored  at  optimum  locations,  this  inspection  method  provides 
immediate  rupture  detection  and,  also,  some  detection  of  incipient  failures. 
The  method  is  recommended  principally  as  a secondary  continuous  monitoring 
system  for  added  reliability.  It  can  be  used  also  for  alternate  or 
backup  inspections,  particularly  at  night  or  in  rough  weather. 

The  final  recommended  method  for  the  hose  string  is  optical 
borehole  inspection  (see  Section  5. 3. 1.5)  that  is  carried  out  periodically 
when  the  ship  is  not  moored  to  the  buoy.  The  method  potentially  can 
provide  good  incipient  failure  detection  for  defects  located  inside  the 
hose  string.  None  of  the  current  inspections  methods  recommended  in 
Section  5.2.1  is  effective  in  this  location.  The  inspection  requires 
that  the  hose  string  be  evacuated,  and  that  the  interior  of  the  hose  be 
inspected  by  a fiber  optics  viewing  device  with  a light  source.  Damage 
such  as  blisters,  bulges,  separation  of  the  tube  from  the  carcass, 
tears,  cuts,  etc.  can  be  detected.  Practical  factors,  such  as  the  effects 
of  hose  string  movement  or  configuration  during  inspection,  may  limit 
the  effectiveness  of  the  method.  Also,  implementation  costs  may  limit 
inspections  to  the  hose  sections  most  likely  to  fail.  However,  considering 
that  vacuum  inspections  are  one  of  the  main  type  of  inspections  now  carried 
out  onshore  to  determine  that  the  hose  is  suitable  for  reuse,  it  appears 
worthwhile  to  develop  this  method  for  inspection  of  the  installed  hose 
string. 
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The  acoustic  inspection  system  (see  Section  5. 3. 1.4)  is  recom- 
mended for  detection  of  incipient  failures  and  ship  breakout  from  the 
mooring  system.  This  method  (see  discussion  in  Section  4.4.2.1),  can  be 
used  as  a secondary  continuously  monitoring  system  to  provide  added 
reliability  when  used  with  the  recommended  mooring  load  monitoring  system. 
Moreover,  the  method  can  provide  more  effective  detection  of  incipient 
failures  than  the  mooring  load  monitoring  system.  Development  costs, 
however,  are  expected  to  be  higher,  much  higher,  for  example,  than  the 
acoustic  array  system  for  the  hose  string.  This  is  due  to  two  main  reasons. 
First,  very  limited  experimental  acoustic  emission  data  are  available 
for  this  specific  application.  Secondly,  an  extensive  experimental  test- 
ing program  would  have  to  be  carried  out  to  produce  a reliable  system. 

Development  of  TV  transmission,  without  the  use  of  a coaxial 
cable,  is  recommended  for  TV  inspection  pig  (see  Section  5. 3. 2. 2. a).  Only 
minimal  development  costs  are  expected.  TV  inspection  pigs*  are 
commercially  available;  however,  they  must  be  pulled  or  pushed  through 
the  pipelines  in  lengths  of  less  than  10,000  feet  because  of  the  necessary 
TV  transmission  cable.  The  only  major  problem  that  must  be  solved  is  the 
development  of  a method  to  transmit  the  camera  signal  back  to  the  control 
room  without  a cable,  while  the  pig  is  moving  through  the  pipeline.  A 
pipeline  inspection  pig  with  low-light  TV  would  be  highly  effective 
primarily  in  improving  the  reliability  of  incipient  failure  inspections 
that  use  other  types  of  inspection  pigs  for  internal  pipeline  inspections. 
For  example,  detection  of  defective  welds,  crack  severity,  etc.  currently 
require  skilled  interpretation  of  the  analog  voltage  data  records  from 
a magnetic  flux  inspection  pig.  In  many  instances,  the  severity  and 
location  (inside  or  outside  of  the  pipe  wall)  of  these  defects  may  be 
uncertain.  A visual  examination  of  the  particular  area  in  question  would 
help  in  evaluating  the  possible  defects.  The  low-light  TV  inspection  pig 
would  be  either  a part  of  the  magnetic  flux  inspection  pig  or  used 
immediately  after  the  latter. 

The  ultrasonic  imaging  (3-dimensional  data)  inspection  pig 
(see  Section  5.3.2.2.b),  that  is  propelled  through  the  pipeline  by  fluid 


* Existing  TV  inspection  pigs  would  be  suitable  for  SPM  pipeline  or 
the  hose  string. 
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flow,  should  provide  excellent  pipeline  incipient  failure  detection.  It 
potentially  is  much  superior  to  any  inspection  pig  currently  known. 
However,  the  cost  of  development  of  the  ultrasonic  imaging  pig  is  expected 
to  be  extremely  high  (several  millions  of  dollars).  The  development 
costs  are  not  justified  for  deepwater  port  applications  because  the 
effectiveness  of  this  device  (see  Section  4.4.4)  is  only  a relative  risk 
reduction  of  about  250  barrels  of  oil  spilled  and  a cost-effectiveness 
only  slightly  better  than  existing  inspection  pigs.  However,  if  this 
inspection  device  is  developed  by  other  means  and  proves  to  be  reliable 
and  cost-effective,  it  is  recommended  that  its  adaptation  for  use  in 
large  diameter,  54-inch  pipelines  be  carried  out.  It  should  be  noted, 
however,  that  the  development  of  similar,  but  less  sophisticated 
inspection  pigs  which  use  passive  acoustics  and  active  ultrasonics, 
has  incurred  numerous  difficulties  over  the  last  10  years.  These 
inspection  pigs  currently  are  not  used  except  at  a few  isolated 
locations.  Hence,  successful  development  of  a reliable  ultrasonic 
imaging  inspection  pig  may  not  be  likely  in  the  immediate  future. 

A continuous  monitoring  acoustic  array  (see  Section  5. 3. 2.1) 
for  pipeline  inspections  currently  is  being  evaluated  in  a study  for  the 
Environmental  Protection  Agency  under  Contract  68-03-2532.  Although 
the  method  appears  to  provide  good  detection  of  incipient  failures  and 
is  cost-effectiveness,  further  development  is  not  recommended  until 
this  EPA  study  is  completed. 


5-79 


5. 3. 1.1  Acoustic  Array  on  Hose  String 

OTS  Component 
Hose  string 

Periodicity 

Continuous 

Inspection  Method  and  Procedures 

Acoustic  array  system,  mounted  on  hose  string,  continuously 
monitors  and  locates  leaks  and  provides  incipient  failure 
detection 

Special  Equipment 

Acoustic  array  system  with  buoy  alarm,  recorder,  ship  alarm 
and  continuous  computer  monitoring  on  platform 

Safety  Precautions 

No  special  precautions,  except  for  observing  standards  regarding 
electrical  equipment  in  flammable  atmospheres 

Inspections 

(1)  Hose  String 
Hose  string 


a.  Leakage 

b.  Internal  and  external  damage 

c.  Incipient  detection  and  also  location  of  hose 
string  damage 

d.  Impact  detection  and  location 


5. 3. 1.2  Oil  Spill  Detector  on  Ship 

OTS  Component 
hose  string 

Periodicity 

Continuous  while  ship  in  berth 

Inspection  Method  and  Procedure 

Oil  spill  detector  mounted  at  bow  of  ship 

Special  Equipment 

Oil  spill  detector  with  alarm,  that  discriminated  between  a 
sheen  and  thick  slick  of  oil,  covers  a broad  area  arid 
compensates  for  draft  of  ship 

Safety  Precautions 

Oil  spill  detector  must  meet  all  safety  regulations  for  shipboard 
use,  including  standards  for  electrical  equipment  in  flammable 
atmospheres 

Inspections 

(1)  Hose  String 


Hose  string 
a.  Leakage 


5. 3. 1.3 


OTS  Control  System  1 Percent  Accuracy 
(pressure,  Flow,  Volume) 

OTS  Component 
Hose  string 

Periodicity 

Continuous 

Inspection  Method  and  Procedure 

OTS  monitoring  (:;1%  accuracy)  of  pressure,  flow,  volume  of  oil 
in  hose  string  for  immediate  detection  of  rupture 

Special  Equipment 

OTS  Monitoring  system  with  sensors  installed  at  optimum  locations 
between  the  ship,  SPM  and  platform 
Alarms  at  buoy,  ship,  and  platform 

Safety  Precautions 

No  special  precautions 

Inspections 

(1)  Hose  String 
Hose  string 

a.  Rupture 

b.  Some  incipient  failure  detection  via  interpertation  of 
unusual  fluctuation  in  recorded  flow  variables 
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5. 3. 1.4  Acoustic  Array  for  Mooring  System 

OTS  Component 

Mooring  sys  tem 

Periodicity 

Continuous  while  ship  in  berth 

Inspect  ion  Method  and  Procedures 

Acoustic  array  monitoring  system  for  acoustic  emissions  from 
mooring  system  loadings 

Special  Equipment 

Accoustic  array  system  for  monitoring  acoustic  emissions  and  buoy 
alarm  and  recorder,  ship  alarm,  and  continuous  computer 
monitoring  and  alarm  at  platform  control 

Safety  Precautions 

No  special  precautions 

Inspections 

(1)  Mooring  system 

Mooring  system 

a.  Excessive  loading 

b.  Hawser  damage 

c.  Location  of  hawser  damage  and  defects 

d.  History  of  acoustic  emissions  from  mooring  system 
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5. 3. 1,5  Optical  Borehole  for  Hose  String 
OTS  Components 

boating  hose  string,  submarine  hose  string 

Periodicity 
2 nwnths 

Inspection  ^thod  and  Procedures 

Optical  borehole  - visual  inspection  of  inside  of  hose  string 
while  under  vacuum  using  flexible  device  with  light  source  to 
inspect  inside  of  hose 

Special  Equipment 

Evacuate  hose,  drain,  hose  section,  borehole  adaptors  on  every  other 
hose  flange,  and  optical  borehole  devices. 

Safety  Precautions 

Tanker  not  to  be  moored  to  buoy 
Diving  regulations  to  be  observed 

Inspections 

(1 ) Hose  String 

Floating  hoses  and  submarine  hoses 

a.  Visually  inspect  for  separation  in  liner 

b.  Visually  inspect  for  bubbles  in  liner 

c.  Other  damage 

- blisters 

- tears 

- ruts 

- gouges 

- miscellaneous  defects 


NOTE:  1,  Because  of  hose  movement,  the  value  of  this  inspection 
method  is  uncertain.  Also  the  reliability,  sensitivity, 
and  practical  problems  of  inspection  are  not  known.  This 
method  must  be  tested  on  installed  hose  strings  at  DWP's, 
Method  may  be  suitable  for  hose  sections  most  likfely  to 
fail  (i,e,,  first  hose  off  CALM  SPM,  hose  that  breaks 
water,  etc, ) 

2,  Inspections  should  be  carried  out  during  scheduled  hose 
string  visual  and  NDT  inspections. 
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5.3.2.2a  Pipeline  Inspection  Pig  - Ultrasonic  Imaging 
(3-dimensiona1  data)  Pipeline 

OTS  Component 

Undersea  and  underground  pipelines 


Periodicity 

Every  six  months 

Inspection  Method  and  Procedures 

• Ultrasonic  imaging  inspection  pig  (3-dimensional  data) 
propelled  through  piepline  by  fluid  flow 

• Inspection  should  be  carried  out  after  pipeline  is  cleaned 
by  a good,  high  quality  cleaning  pig 

• Inspection  should  be  scheduled  when  pipeline  is  normally 
out  of  service  to  minimize  cost 

• Inspections  should  be  carried  out  by  a qualified 
inspection  service 

Special  Equipment 

Pig  sending  and  receiving  trap,  pressure  and  flow  monitoring, 
locator  device  on  inspection  pig 

Safety  Precautions 

No  special  precautions 
Inspections 

(1)  Pipeline  (defects  located  in  3-dimensions) 

a.  Defects  inside  pipeline  wall 

b.  Girth  welds 

c.  Corrosion 

d.  Loss  of  material  on  inside  or  outside  of  wall 

e.  Wall  thickness 

f.  Cracks 

g.  Gouges 

h.  Wrinkles 

i . Hydrogen  bl  i sters 

j.  Improper  bends 

k.  Hard  spots,  flat  spots 

l.  Pipeline  bare  surface 

m.  Soil  level  around  pipeline 

NOTE:  1.  This  inspection  is  also  recommended  before  pipeline  becomes 
operational  for  background  and  reference  data. 


5.3.2.2b  Pipeline  Inspection  Pig  with  Low-light  TV 
Inspection  Camera 

OTS  Component 

Undersea  or  underground  pipeline 

Periodicity 

Every  six  months 

Inspection  Method  and  Procedures 

• TV  inspection  camera  pig  propelled  through  pipeline  by  fluid  flow 
t Inspection  should  be  carried  out  after  pipeline  is  cleaned 

by  a good  high  quality  cleaning  pig 
t Inspection  should  be  scheduled  immediately  after 

inspection  by  magnetic  flux-type  inspection  pig  for  improved 
reliability  of  inspection  data  by  the  combined  inspection 
results 

• Inspection  should  be  carried  out  by  a qualified  inspection 
service 

• Pipeline  should  be  filled  with  water— preferably  clear,  clean 
water 

Special  Equipment 

Pig  sending  and  receiving  traps,  pressure  and  flow  monitoring, 
location  device  on  inspection  pig 

Inspection 

(1)  Pipeline 

a.  Slightly  better  than  visual  inspection 

• cracks 

• pits 

• weld  defects 

• loss  of  material  on  inside  of  pipe  wall 

• partially  closed  valves  or  valve  damage 

• dents 

t flat  spots 

• gouges 

• wrinkles 

• hydrogen  blisters 

NOTE:  1.  This  inspection  is  recommended  before  pipeline  becomes 
operational  for  background  or  reference  data. 


2.  Required  development  of  a technique  to  transmit  TV  signals 
without  cable  attached  to  pipeline  (See  References  30  and  49 
for  solution  of  a similar  problem  but  in  a low  frequency 
range) . 
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7.0  GLOSSARY 


CALM  (Catenary  Anchor  Leg  Mooring):  A single  point  mooring  which  is 
anchored  to  the  sea  bed  by  multiple  anchor  chains,  usually  six  in  number. 

DWP  (Deepwater  Port):  An  offshore  facility  for  mooring  VLCCs  and 
transferring  oil  between  an  onshore  storage  facility  and  the  VLCC. 

DWT  (Deadweight  Tons):  Total  carrying  capacity  of  cargo,  bunkers, 
stores  and  crew;  approximately  equal  to  the  cargo  carrying  capacity 
of  a tankship. 

Fluid  Swivel:  A component  of  a SPM  which  permits  rotation  of  the 
hose  strings  about  a fixed  point. 

Hose  String:  The  assemblage  of  individual  sections  of  hose  (floating  or 
submarine)  for  transferring  oil  between  the  tanker  and  the  SPM. 

LOOP:  A deepwater  port  oil  transfer  terminal  complex  proposed  for 
installation  off  the  coast  of  Louisiana. 

Monobuoy:  The  floating  component  of  a SPM. 

OCIMF  (Oil  Companies  International  Marine  Forum):  An  industry 
organization  for  sharing  data  and  information  concerning  marine 
problems  and  for  setting  standards  for  marine  equipment. 


OTS  (Oil  Transfer  System):  The  system  of  a DWP  for  transferring  oil, 
including  the  hose  strings,  the  SPM,  undersea  pipelines,  pumping 
platform  and  onshore  pipelines  connecting  to  a storage  facility. 

PDU  (Product  Distribution  Unit):  A fluid  swivel  which  can  transfer 
more  than  one  oil  product. 

PLEM  (Pipe  Line  End  Manifold):  The  manifold  at  the  end  of  the  undersea 
pipeline  which  connects  to  a SPM. 


SALM  (Single  Anchor  Leg  Mooring) 
anchored  through  a single  anchor 
base  located  on  the  ocean  floor. 


A single  point  mooring  which  is 
leg  or  chain  made  fast  to  a fixed 


SEADOCK:  A deepwater  port  oil  transfer  terminal  complex  proposed  for 
installation  off  the  coast  of  Texas. 


SPM  (Single  Point  Mooring):  A generic  term  which  includes  all  floating 
buoy  mooring  systems  which  permit  a ship  to  rotate  freely  around  them. 

Tail  Hose:  That  segment  of  a hose  string  which  is  connected  to  the  ship's 
manifold.  It  normally  is  smaller  in  diameter,  lighter  and  more  flexible 
than  the  remainder  of  the  hose  string. 

VLCC  (Very  Large  Crude  Carrier):  A tanker  with  a capacity  of  approximately 
180  to  400,000  deadweight  tons. 
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A.  MANUFACTURERS  AND  INSPECTION  COMPANIES  SURVEYED 


The  purpose  of  this  appendix  is  to  identify  the  surveyed 
companies  and  to  provide  a reference  source  of  companies  which  manu- 
facture the  kind  of  inspection  equipment  or  provide  the  inspection 
services  which  were  discussed  previously  and  will  be  discussed  in 
Appendix  B.  Nine  major  inspection  areas  and  five  product  lines  are 
identified  in  a legend  and  then  noted,  when  applicable,  for  each  com- 
pany surveyed.  It  is  intended  that  this  listing  give  the  user  a source 
for  obtaining  specific  information  on  the  various  inspection  methods 
and  procedures.  The  survey  is  limited  based  on  information  available 
within  the  scope  and  frame  of  this  project,  and  does  not  include  all 
companies  that  provide  the  inspection  methods  and  services  discussed. 
The  listing  of  a particular  company  is  not  a recommendation  or  a soli- 
citation to  buy  from  said  company. 


MANUFACTURERS  AND  INSPECTION 


LEGEND 


INSPECTION  AREAS 

1.0  VISUAL 

1.1  Diver,  submersible 

1.2  Optical  borehole 

1.3  TV  monitor 

1.4  Tape  detection 

2.0  OIL  SPILL  DETECTOR 

2.1  On  launch 

2.2  On  ship 

2.3  On  platform 

2.4  On  buoy 

2 . 5 Buoy  type 

3.0  DYNAMIC  INSPECTION  INTO  OTS 

3.1  Dye  tracing 

3.2  Inspection  pigs 

3.3  Hydrostatic 

3.4  Pressure  crack  wave 

3.5  Vacuum 

3.6  External  hydrostatic 

4.0  CORROSION 

4.1  Flow  sampling 

4.2  Corrosion  sensors 

4.3  Cathodic  protection 

5.0  NON-DESTRUCTIVE  TESTING 

5.1  Passive  ultrasonics 

5.2  Active  ultrasonics 

5.3  X-ray 

5.4  Radioactive  isotope,  gamma  ray 

5.5  Magnetic  particle 

5.6  Magnetic  rubber 

5.7  Magnetic  foil  or  magnetic  tape 

5.8  Ultrasonic  imaging 

5.9  Eddy  current 

5.10  Penetrants 


COMPANIES  SURVEYED 


6.0  SURVEY 

6.1  Sonar  (bare-surface,  overburden) 

6.2  Surveying  (component  location,  mapping) 

6.3  Sonar 

7.0  OTS  CONTROL 

7.1  Pressure,  volume,  flow 

7.2  Mathematical  modeling 

8.0  SPECIAL  METHODS 

8.1  Passive  acoustic  array-leaks 

8.2  Passive  acoustic  array-acoustic  emission 

8.3  Passive  acoustic-machinery  vibration 

8.4  Strain-gaged  load  sensor,  mooring 
load  monitor 

8.5  Continuous  thermistor 

8.6  Laser  detection-underwater 

8.7  Shroud  with  EMP  pulsed  coaxial  cable 

8.8  Double  walled  pipe 

8.9  Double  walled  hose 

8.10  External  load  (i.e.,  pulling  by  ship) 

8.11  Seal  leak  detector 

8.12  Liquid  level  sensor 

9.0  MISCELLANEOUS 


PRODUCT  LINE 

A.  Inspection  transducers  or  detectors 

B.  Inspection  transducers  or  detectors 

with  instrumentation 

C.  Complete  inspection  systems 

D.  Inspection  services 

E.  Custom  design 


MANUFACTURERS  AND  INSPECTION 


Aanderaa  Instruments  Lt. 

560  Alpha  Street 
Victoria,  B.C.  Canada  V8Z1B2 

A.B.  Plumbing,  Heating  and 
Cooling 

205-22nd  Street 
Sacramento,  CA  95816 

Acco,  Bristor  Div. 

40  Bristor  St. 

Waterbury,  Conn.  06720 

Ace  Pipe  Cleaning,  Inc. 

4000  Truman  Rd. 

Kansas  City,  MO  64127 

Accusonic  Division 
Ocean  Research  Equipment 
P.  0.  Box  709 
Falmouth,  Mass.  02541 

ADEC  Corporation 
Irvine,  CA  92707 

Aero  Vac  Products 
Industrial  Products  Division- 
High  Voltage  Engineering  Corp. 
P.'O.  Box  416 
South  Bedford  St. 

Burlington,  Mass  018D3 

Air  Monitor  Corporation 
P.  0.  Box  6358 
Santa  Rosa , CA  95406 

Air  Products 
Box  538 

Allentown,  PA  18105 

Airco  Industrial  Gases 
575  Mountain  Ave. 

Murray  Hill,  NJ  07974 

Allison  Control 
New  Jersey 

Alphs  Metrics 
Uinnepeg,  Canada 

Alphine  Geophysical  Assocs. 
Oak  Street 
Norwoor,  New  Jersey 

American  Instrument  Co. 

8030  Georgia  Ave. 

Silver  Spring,  MD  20910 

American  Standards  Testing 
Bureau,  Inc. 

40  Walter  St. 

New  York,  NY  10004 


'I 


COMPANIES  SURVEYED  - LISTING 


3.2 

A.  B,  C,  D,  E 

Ametek 

Strata  Division 

790  Greenfield  Drive 

P.  0.  Box  666 

El  Cajon,  CA  92D22 

Amtek,  Inc.  (Pa) 

Station  Square  Two, 

Paoli , PA  19301 

1.1,  5,  6,  7 

A,  B,  C,  D,  E 

AMF  Sea-Link 

Herdon,  VA 

6,  8 

A,  B,  C,  D 

AflF  Tuboscope  Inc. 

P.  0.  Box  808 

Houston,  TX  77001 

3.2,  5 

A,  B,  C,  D 

7.1 

A,  B.  C 

Amiproducts,  Inc. 

1504  W.  28th  St. 

New  York,  NY  10001 

7.1 

C,  E 

Analog  Technology 

3410  E.  Foothill 

Pasadena,  CA  91107 

Androx  Limited 

P.  0.  Box  814 

St.  Catherine,  Ontario 

5 

A,  B,  C,  D 

Andrex  Radiation  Products 
Copenhage,  Denmark 

5 

A,  B,  C,  D 

9 

A,  B,  C,  D 

Applied  Instruments  Corp. 

1681  West  Broadway 

Anaheim,  CA  92802 

Applied  Research  Labs. 

P . 0 . Drawer  1 , 

Homestead,  Fla.  33030 

5 

A,  B,  C 

Aquatech,  Inc. 

10620  Cedar  Ave. 

Cleveland,  Ohio  44106 

8.5 

A,  B,  C,  D 

AstroNautical  Research,  Inc. 
Dunham  Road 

P.  0.  Box  495 

Beverly,  Mass.  01915 

6.1,  6.2,  6.3 

A • B , C , D 

Atomics  International 

8400  DeSoto  Ave. 

Canoga  Park,  CA 

5 

A,  B,  C,  0,  E 

Automation  Industries 

Sperry  Division 

Downey,  CA 

5 

A,  B,  C,  D 

Automation  Products,  Inc. 

3030  Max  Roy 

Houston,  TX  77008 
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L 


B & K Instruments,  Inc.  5.0 
5111  West  164th  St.  A,  B.  C 

Cleveland,  Ohio  44142 


Bach'  ch  Instrument  Co. 

West  .St  Operations 
2300  Leghorn  St. 

Mt.  View,  CA  94043 

Badger  Meter,  Inc.  7.1 

Environmental  & Electronic  A,  B,  C 

Products  Division 
150  E.  Standard  Ave. 

Richmond,  CA  94804 

Bailey  Meter  Company, 

Sub  Babcock  & Wilcox  Co. 

29801  Euclid  Ave. 

Wicklittle,  Ohio  44092 

Baird-Atomic,  Inc.  2.2,  2.3 

125  Middlesex  Turnpike  A,  B,  C,  0 

Bedford,  Massachusetts  01730 


Barnes  Engineering 
Stanford,  CT 

Barry  Research  Corporation 
1530  Page  Mill  Road 
Palo  Alto,  CA  94304 

Barton  7.1 

Monterey  Park,  CA  A,  B 


Beck  Instruments 
2500  Harbor  Blvd 
Fullerton,  CA 

BBN  Instrument  Corp. 
Cambridge,  Mass 


Bel  CO  Pollution  Control 
Corporation 

570  W.  Mt.  Pleasant  Ave. 

Livingston,  NH  07039 

Belfort  Instrument 
1605  S.  Clinton 
Baltimore,  Maryland 

Bendix 

Environmental  Science  Div. 

1400  Taylor  Avenue 
Baltimore,  Maryland  21204 

Bendix  Corporation 
New  York,  NY 

Benthos,  Inc.  5,  6 

North  Falmouth,  Hass  02556  A,  B,  C,  0 


5 

A,  B,  C 


Bethany  International,  Inc.  7.2 

6161  Savoy  Drive  C,  E 

Suite  940 
Houston,  TX  77036 

The  Bethlehem  Corporation  7 

25th  and  Lennox  Streest  A,  B 

P.  0.  Box  348 
Easton,  PA  18042 


The  Bethlehem  Corporation 
225  W.  2nd  St. 

Bethlehem,  PA  18016 

Block  Engineering 
Cambridge,  Mass 

Blue  White  Industries 
14931  Chestnut  St. 

Westminster,  CA  92683 

Brantner  and  Assoc.,  Inc. 

P.  0.  Box  2224 
Newport  Beach,  CA  92663 

Bridgestone  Tire  Company,  Ltd. 

Yokohama,  Japan 

British  Hovercraft  Corp. 

East  Cowes 

Isle  of  wright,  England 

Branson  Probolog  3.2  i 

A,  B,  C,  D j 

Brooks  Instrument, 

Div.  of  Emerson  Electric  ‘ 

407  W.  Vine  St. 

Harfield,  PA  19440 

Bunker  Ramo 
Electronic  System  Div. 

Westlake,  CA  91354 

BVS.  Inc. 

Water  Pollution  Samplers  i 

P.  0.  Box  243 
Hone  Brook,  PA  19344 

B/W  Controls,  Inc. 

2200  East  Maple  Road 
Birmingham,  Michigan  48102 
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Cambridge  Filter  Corp. 

7645  Henry  Clay  Blvd. 
Syracuse,  NY  13201 

Cameron  Ironworks 
Houston,  TX 

Can-Tex  Industries, 

Div.  of  Harsco  Corp 
P.  0.  Box  340 
Mineral  Hells,  TX  76067 

Capital  Controls  Company 
Division  of  Dart  Industries 
Advance  Lane 
Colmar,  PA  1B915 

Capital  Controls  Company 
Oivision  of  Dart  Industries 
P.  0.  Box  211 
Colmar,  PA  18915 

The  Carborundum  Company 
Process  Equi(iment  Plant 
Aurora  Road 
Solon,  Ohio  44139 


The  Carborundum  Company 
Graphite  Products  Div. 

P.  0.  Box  577 

Niagra  Falls,  N.Y.  14302 

C-E  INVALCO, 

Div.  of  Combustion  Engineering 
P.  0.  Box  556 
Tulsa,  OK  74101 

Central  States  Underwater  4,  5,  6 

Contracting,  Inc.  D 

3077  Merriam  Lane 
Kansas  City,  KS  66102 


Century  Systems  Corp. 

P.  0.  Box  133 
Arkansas  City,  KS  67005 

Cherne  Industrial,  Inc.  3.2,  8.11 

5701  South  Country  Road  18  A,  B,  C,  0.  E 
Edina,  Minnesota  55436 

Chemtrix 
Hillsboro,  OR 

Circle  Chemical  Co.  5.6 

P.  0.  Box  221  A 

Hinckley,  IL  60520 


Circle  Seal  Corporation  9 

P.  0.  Box  3666  A 

Anaheim,  CA  92803 

Cleveland  Controls,  Inc. 
nil  Brookpark  Rd. 

Cleveland,  Ohio  44109 

Columbia  Research  Lab 
Hoodlyn,  PA 

Coimtercial  Diving  Division 
3323  W.  Warner  Ave. 

Santa  Ana,  CA 

Consolidated  Controls  Corp. 

15  Durant  Ave. 

Bethel , Conn  06801 

Consolidated  Technology 
P.  0.  Box  261 
Mt.  Kisco,  NY  10549 

Controlotron  Corp 
111  Bell  St. 

W.  Babylon,  NY  11704 

Corning  Glass  Works, 

Houghton  Pk 
Corning,  NY  14830 

Cox  Instrument  7 

15300  Fullerton,  A,  B 

Detroit,  Mich.  48227 

CUES,  Inc. 

3501  Vineland  Rd. 

P.  0.  Box  5516 
Orlando,  FL  32805 

C.  H.  Stevens,  Inc. 

429  S.  Walnut  St. 

Kennett  Square,  PA  19348 
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Daniel  Industries  7.1 

P.  0.  Box  19097  A,  B.  C.  D 

Houston,  TX  77024 

Data  Courier,  Inc. 

620  So.  Fifth  St. 

Louisville,  Kentucky  40202 

Datemetrics,  Inc. 

340  Fordham  Rd. 

Wilmington,  Mass.  01887 


Dayton  X-ray  Co. 
1150  W.  Second  St. 
Dayton,  Ohio 


5 

A,  B,  C,  D 


Del  Norte  Technology,  Inc.  4,  5,  6 
P.  0.  Box  696  A,  B,  C,  D,  E 

Euless,  Texas  76039 


Det  Norske  Veritas 

A.  5,  6 

Gren  Seveien  92 

A,  B,  C,  D 

Oslo  6,  Norway 

Detroit  Testing  Lab.,  Inc. 

5 

8720  Northend  Avenue 

A,  B,  C,  D 

Oak  Park,  Michigan  48237 

Device  Engineering,  Inc. 

36  Pier  La. , W. 

Fairfield,  NJ  07006 

Dieterich  Standard  Corp. 
Subsidiary  of  Ooover  Corp. 

Box  9000 

Boulder,  Colorado  80302 

Dow  Chemical  4.3 

Pasadena,  Calif 

Dranetz  Engineering  Labs 
2385  S.  Clinton  Ave. 

South  Plainfield,  NJ  07080 


Dresser  Industries,  Inc. 

10201  Westheimer  Road 
P.  0.  Box  2928 
Houston,  TX  77001 

Duriron  Company,  Inc.  4.3 

Dayton,  Ohio  45401  A,  B,  C,  D 


DuPont  Co.  7.1 

Instrument  Products  A,  B,  C 

Scientific  and  Process  Div. 
Wilmington,  Del.  19898 


D.  W.  Harmon  Company 
5353  Topanqa  Cyn  Blvd  Ste  3 
Woodlands  Hills,  CA  91364 

Dwyer  Instruments,  Inc. 

P.  0.  Box  373 

Junction  Ind.  212  and  U.S.  12 
Michigan  City,  Indiana  46360 

Dynamold,  Inc.  5.6 

P.  0.  Box  9616  A,  B,  C 

2905  Shamrock  Ave. 

Fort  Worth,  TX  76107 
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Echo  Laboratories  5.2 

Titusville,  PA  16354  A 

Ecologic  Instruments 
Bohemia  NY 

Ecosystem  Research  and 
Technology  Corp. 

P.  0.  Box  35712 
Dallas,  EX  75235 

E.  D.  Bullard  Co.  9 

2680  Bridgeway  A,  B,  C 

Sausalito,  CA  94965 


Environmental  Tectronics  Corp. 
County  Line  Industrial  Park 
Southhampton,  PA  18966 

Envirotech 

12881  Knott  Ave.  Ste  106 
Garden  Grove,  CA  92645 

Envirotech  Corp. 

3000  Sand  Hill  Rd. 

Menlo  Park,  CA  94025 

Eocom 

19722  Jamboree  Blvd. 

Irvine,  CA  92715 


Edo  Western  Corp. 

2645  South  300  West 
Salt  Lake  City,  Utah  84115 


E.I.  du  Pont  de  Nemours  & Co, 

Market  St. 

Wilmington  DEL  19898 
Electro 

15146  Downey  Ave. 

Paramount,  CA  90723 

Electro  Optics 
Santa  Barbara,  CA 

Electric  System  Design  4.2 

317  W.  University  Dr.  A,  B,  C 

Arlington  Heights,  111. 


1.2,  7.1 
A,  B,  C 


Ellis  & Ford  Mfg.  Co.,  Inc. 
P.  0.  Box  308 
Birmingham,  Mich  38012 


Endevco 

Rancho  Viejo  Rd 

San  Juan  Capistrano,  CA 

Engelhard  Minerals  & 
Chemicals  Corp. 

Engelhard  Industries  Div. 
430  Mountain  Ave. 

Murray  Hill , NH  07974 

Enraf 


5 

A,  B,  C,  D 


4.3 

A,  B,  C,  D 


8.12 

A,  B 


Environmental  Devices  Corp. 
Tower  Building 
Marlon,  Mass.  02738 


Epic,  Inc. 

Instruments  for  Science  and 

Industry 

150  Nassau  St. 

New  York,  NY  10038 

Erdco  Engineering  Corp. 

136  Official  Rd. 

Addison,  IL  60101 

ERM/ Marathon 
West  Germany 
Rep.  Proprietary  Rights 
Service  Corp. 

180  East  End  Ave. 

New  York,  NY  10028 

Esterline  Angus  Inst.  Corp. 

Box  24000 

Indianapolis,  IN  46224 

Exon  Nuclear  Comoany,  Inc. 
Research  and  Technology  Center 
2955  George  Washington  Way 
Richland,  Washington  99352 

Extranuclear  Labs,  Inc. 

250  Alphs  Dr. 

P.  0.  Box  11512 
Pittsburgh,  PA  15238 

Exotech,  Inc. 

Garthersburg  Md 


7.1 
A,  B 


7.1 

A,  B,  C,  E 


5 

A,  B,  C,  0,  E 


) 

1 

I 
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Fisher  and  Porter 

7.1 

61 

County  Line  Rd. 

Mirsiinster,  Pennsylvania  18974 

A,  B,  C 

•ox  3356 

Cherry  Hill,  NJ  08034 

FI ui Dynamic  Devices  Limited 

7.1 

GBH  Laboratories 

3216  Lenworth  Dr. 

Mississauga  Ontario 

Canada  L4X2G1 

A,  B,  C 

1001  W.  Arbor  Vitae 
Inglewood,  CA  90301 

Gianni  Institute 

5.6,  9 

Flow  Technology,  Inc. 

4250  East  Broadway  Road 

Post  Office  Box  21346 

7.1 

A,  B,  C 

Indio,  CA 

A,  B,  C,  D,  E 

Phoenix  Arizona  85040 

Girard  Polly- Pig  Inc. 

P.  0.  Box  27208 

3.2 

A,  B , C , D 

Formulabs,  Inc., 

Flourescent  Dye  Tracing  Systems  Div. 
529  N.  4th  Ave 

P.  0.  Box  1056 

Escondido,  Calif  92025 
(714)  741-2345 

3.1 

Houston,  TX  77027 

Glass  Innovations,  Inc. 

P.  0.  Box  B 

Addison,  NY  14801 

Gould,  Inc.  Control  and 

7.1 

The  Foxboro  Co. , 

7.1 

System  Division 

A,  B,  C 

Neponset  Ave. 

Foxboro,  Mass  02035 
(617)  543-8750 

A,  B,  C 

340  Fordham  Rd 

Wilmington,  Mass.  01887 

Foxboro/Trans-Sonics,  Inc. 

7.1 

Gow-Mac  Instrument  Co. 

P.  0.  Box  435 

Burling,  Hass  01803 

A,  B,  C 

100  Kings  Road 

Madison,  NJ  07940 

CARD.  Inc.  5.7 

7449  North  Natchez  Ave  A.  B.  C.  D.  E 

NUes,  IL  60648 


Garret-Callahan  Co 
111  Rollins  Rd 
Ml  11  brae,  CA  94030 

General  Oynamics  6 

Electronics  Division  A,  B,  C 

San  Diego,  CA 


G.M.  Mfg  t 'trument  Corp. 

P.  0.  Box  9« 

El  Cajon,  CA 

Gulton  Industries,  Inc. 
Servonic/Instrumentation  Div. 
1644  Whittier  Ave. 

Costa  Mesa,  CA  92627 

Gulion  Industries 
Fullerton,  CA  92651 


General  Electric  Con^any 
Ocean  Systems  Programs  Dept. 
3198  Chestnut  St. 
Philadelphia,  PA  19101 

General  Metal  Works,  Inc. 
8368  Bridgetown  Road 
Cleves,  Ohio  45002 

General  Monitors,  Inc. 

3019  Enterprise  St. 

Costa  Mesa,  CA  92626 

General  Oceanics,  Inc. 

5535  N.W.  7th  Ave 
Miami,  Fla.  33127 
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Halliburton  Services 
A Division  of  Halliburton  Co. 
Duncan,  Oklahoaia  73533 

Harris  Calorific  Division 
Emerson  Electric  Co. 

5501  Cass  Avenue 
Cleveland,  Ohio  44102 

Hastings  7 

Hampton,  VA  A 


The  H.C.  Nutting  Co 
4120  Airport  Road 
Cincinnati,  Ohio  45226 

Healy  Scott  Int.  3.2 

San  Diego,  CA  A,  B,  C,  0 


Honeywell,  Inc. 

Marine  Systems  Division 
5303  Shllshole  Ave.  N.H. 
Seattle,  Washington  98107 

HRB  Singer 
State  College,  PA 

Humphrey,  Inc. 


6 

A 


Hydro  Products  5 

A.  Tetra  Tech  Company 
11777  Sorrento  Valley  Road  A,  B,  C 
San  Diego,  CA  92121 


Heath  Consultants,  Inc.  3.2 

100  Tosca  Drive  A,  B,  C,  D 

Stroughton,  Mass.  02072 


Helle  Engineering,  Inc.  5.  6 

7198  Convoy  Court 
San  Diego,  CA  92120 


Hershey  Products,  Inc. 
Niagara,  NY 


Hershey  Products,  Inc. 

Industrial  Measurement  Div. 

Old  Valley  Falls  Rd 
Spartanburg,  SC  29303 

Hewlett  Packard  5.1,  8.3 

Deleon  Division  A,  B,  C 

H.  C.  Nutting  Co.  5 

Cincinatti,  Ohio  A,  B,  C,  D 

High  Voltage  Engineering  Corp. 

S.  Bedford  Rd. 

Burlington,  Mass  01803 

Holiday 

Carporinta,  Calif 

Holosonics,  Inc. 

2400  Stevens  Drive 
Richland,  Wash.  99352 

Honeywel 1 , Inc . 

1100  Virginia  Drive 
Fort  Washington,  PA  19034 

Honeywell,  Inc. 

Lexington,  MA 


4.2 
A,  B 

3.2,  5.2,  5.B 
A,  B,  C,  0,  E 
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IMODCO  Internationa!,  Ltd. 

Los  Angeles.  CA 

Impulsphysics 
Hanburg,  Germany 

Innerspace  Technology,  Inc. 

27  Frederick  Street 
UaldMick,  NO  07463 

Inertia  Switch,  Ltd.  Banchory 
Works  Hardings  Lane 
Hartley  Wintney 
Hants,  United  Kingdom 
Hartley  Wlntney-2951 

Institute  for  Research,  Inc. 

8330  Uestglen  Dr. 

Houston,  TX  77063 

Instron  Corp.  5 

Los  A! ami tos , CA  A , B , C 


Internation  Imaging  Systems 
Conmack,  NY 

Intematlon  Sensor  Technology 
3201  South  Halladay  Street 
Santa  Ana,  CA  92705 

International  Transducer  Corp.  5 
Subsidiary  of  Channel  Ind.,  Inc.  A,  B,  C 
640  NcCloskey  Pi. 

Goleta,  CA  93017 

InterOcean  Systems,  Inc. 

3540  Aero  Ct. 

San  Diego,  CA  92123 

InterOcean  Systems,  Inc.  9.1 

3510  Kurtz  Ave  A,  B,  C,  D 

San  Diego,  CA. 

Intersea  Research  Corp.  1.1,  5 
P.  0.  Box  2389  A,  B.  C 

La  Jolla,  CA  92038 

Ionics,  Inc. 

65  Grove  Street 
Watertown,  Mass  02172 

IRD  Mechanalysis,  Inc.  8.3 
Columbus,  Ohio  A,  B,  C,  0 


ISCO 

P.  0.  Box  5347 
4700  Superior  Ave 
Lincoln,  Neb.  68505 

ITT  Barton 

580  Monterey  Pass  Rd. 
Monterey  Park,  CA  91754 


James  Dean  Divers,  Inc.  4,  5,  6 

New  Orleans,  LA  0 

John  Chance  Company  4,  5,  6 

LaFayette,  LA  0 

J.  Ray  M'Dermott 

SBM,  Inc.  5,  6 

New  Orleans.  LA  0 


Kahl  Scientific  Instruamnt  Corp 
P.  0.  Box  1166 
El  Cajon.  CA  92002 


Kawaski  Inti . 5 

P.  0.  Box  1082  A,  B 

Cupertino,  CA  95014 

KB  Heroteck  5 

P.  0.  Box  350  A,  B 

Lewis town,  PA  17044 


K.J.  Law  5.9 

23660  Research  Drive  A,  B,  C 

Farmington  Hill,  Mich. 


Klein  Associates 
Undersea  Search  and  Survey 
Salem,  New  Hampshire  03709 


6.1,  6.2,  6.3 
A,  B,  C.  D,  E 


Konel  Grp.  Corporation 
Subsidiary  Narco  Scientific 
271  Harbor  Way,  S. 

San  Francisco,  CA  94080 

Kontes , 

Spruce  St. 

Vineland.  NJ  08360 

Kratos 

403  S.  Raymond, 

Pasadena.  CA 

Kurz  Instruments,  Inc. 

P.  0.  Box  849 
20  Village  Square 
Carmel,  CA  93924 

KZF  Environmental  Design 
Cons.,  Inc. 

2830  Victory  Pkwy 
Cincinnati,  Ohio  45206 


Pt  ^ 
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Land  and  Offshore  Services 
lanchory  Qraa^ian,  Scotland 

Lear  Siegler,  Inc. 
Environnentai  Technology  Div 
74  Inverness  Drive  East 
Englevnod.  Co1o.  80110 

Leeds  S Northrup  Co. 
SunneytOMn  Pike 
North  Hales,  PA  19454 

Lenox  Instrument 
An  Esterline  Company 
111  East  Luray  Street 
Philadelphia.  PA  19120 


The  Marconi  International 
Mrine,  Ltd. 

Oil  Industry  Division 
Elettra  House.  Hestway 
Chelmsford.  Esses,  England 

Marine  Moisture  Control  Co.  6 

449  Sheridan  Blvd.  A,  B,  C,  D 

Inwood,  L.I.,  NY  11696 


Hartek  Instruments 
Newport  Beach,  CA 

Matheson 
P.  0.  Box  85 

East  Rutherford,  NO  07073 


Leopold  Company 
Division  of  Sybron  Corp. 
227  S.  Division  Street 
Zelienople,  PA  16063 

Lester  Laboratories,  Inc. 
2370  Lawrence  St. 

Atlanta.  GA  30344 


McDonnell  Douglas  Corp.  8.0 

Huntington  Beach,  CA  A,  B 


Mead  Instruments  Corp. 
One  Dey  La 
Riverdale,  NO  07457 


Leupold  A Stevens,  Inc. 
600  N.W.  Meadow  Dr. 

P.  0.  Box  688 
Beaverton,  Ore.  97005 


Measurement  Control  Systems 
Division  of  United  Spring 
1495  E.  Harner  Ave. 

Santa  Ana,  CA  92707 


Lion  Precision  Corp. 
60  Bridge  St. 

Newton,  Mass.  02195 


Neriam  Instrument 
10920  Madison  Ave. 
Cleveland,  Ohio  44102 


Lordki nematics 
Paramous,  NH 

Lumenite  Electronic  Corp. 
2331  N.  17th  Ave. 

Franklin  Park,  IL  60131 


Mackallor  Bros. 
Chino,  CA 


3.2 

A,  B.  C,  0.  E 


Magnaflux  Corporation  5,6 

7300  West  Lawrence  Avenue  A,  B,  C,  D 

Chicago,  IL  60656 


Magnavox 

Govt,  and  Indust. 

Electronics  Co. 

2829  Maricopa  Street 
Torrance,  CA  90503 

Menning  Environmental  Corp.  ® - 

120  DuBois 

Santa  Cruz,  CA  95061 


Manostat  Corporation 
519  Eigth  Ave 
New  York,  NY  10018 

Mapco,  Inc. 

1800  South  Baltimore  Ave. 
Tulsa.  Oklahoma  74119 


Metrotek,  Inc.  5 

P.  0.  Box  101  A,  B.  C 

Richland,  WA  99352 


MG  Scientific  Gases 
210  Cougar  Ct 
Hillsborough,  NO  08876 

Micro  Motion,  Inc.  7.1 

2700  29th  St  A,  B,  C 

Boulder,  Colo 


Mil  ton -Roy  Co. 
Hays-Republic  Div 
742  E.  Eight  St. 

Michigan  City,  Ind.  46360 

Mine  Safety  Appliances  Co. 
400  Penn  Center  Blvd. 
Pittsburgh,  PA  15235 

Moniter  Technology,  Inc. 
630  Price  Avenue 
Redwood  City,  CA  94063 

Montedoro-Whitney  Corp 
2740  McMillan  Rd. 

P.  0.  Box  1401 
San  Luis  Obispo,  CA 

Motorola,  Inc. 

8201  E.  McDowell  Rd 
Scottsdale,  Arizona 


93406 

6 

A.  B,  C,  D,  E 


A-n 


LISTING  • (Contliwad) 


IMrtslu  Testing  Labs 

4453  S.  67th  St. 

OMha.  Neb  68106 

5 

0 

Ocean  Nesearch  Eeulpment.  Inc. 

P.  0.  tox  709 

Falmouth,  Mass.  02541 

7.1 

A.  B 

New  York  Testing  Labs,  Inc. 

81  Urban  Ave. 

Uestbury,  LI.  NY  11590 

5 

A.  B.  C.  0 

Ocean  Systems 

Houston.  TX 

Nippon  Kokan 

Japan 

3.2 

A.  B.  C.  0 

Oceaneering,  International 

Houston,  TX 

6 

A.  B.  C.  0.  E 

Nupro  Co. 

4800  E.  345th  St. 

Ullloughby.  Ohio  44094 

Ocean  Technical  Services  Ltd 

43/44  Albermarle  St. 

London  W/X  3Fe 

England 

8.4 

A,  B.  C,  D.  E 

Nu  Sonics  Inc. 

Tulsa  Oklahoma 

Phone  (203)  623-8800 

7.1 

A.  B.  C 

Offshore  Navigation,  Inc. 

5723  Jefferson  Hwy. 

Harahan,  LA  701 B3 

6.1,  6.2.  6.3 
A.  B.  C.  0 

National  Environmental 
Instruments,  Inc. 

P.  0.  Box  590 

Pilgrim  Station 

Warwick.  RI  02888 

Olympus  Corp.  of  America/ 
Industrial  Fiberoptics  Dept. 

2 Nevada  Drive 

New  Hyde  Park.  NY  11040 

1.2 

A.  B.  C 

National  Instrunent  Labs,  Inc. 
910  Princess  Ann  St. 
Fredricksburg  VA  22401 

National  Power  Podding  Corp. 
1000  S.  Western  Ave. 

Chicago,  IL  60612 

Optronics  Labs 

Silver  Springs,  MD 

O. R.E.,  Inc. 

P.  0.  Box  709 

Falmouth  Heights  Rd. 

Falmouth,  Mass.  02541 

6.1,  6.2 

A.  B.  C,  0.  E 

NB  Products,  Inc. 

935  Horsham  Rd. 

Horsham,  PA  19044 

N-CON  Systems  Co.,  Inc. 

308  Main  St. 

New  Rochelle,  NY  10801 

A-12 
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tanoaetrics 

5 

Radiation  Dynaaics,  Inc. 

221  Crescent  St. 

A,  B,  C 

Ntlville,  NY 

Haltham,  Mass.  02154 

Peabody  Testing 

Magnaflux  Corp. 

5,  5.4 

A , B , C , 

RAMCO 

Dallas,  TX 

Ramapo  Instrument  Co.,  Inc. 

7.1 

0 

2 Mars  Court 

A,  8,  C 

Pennwalt 

Nallace  and  Tiernan  Division 
25  Main  St. 

P.  0.  Box  429 

Montville,  NJ  07045 

Ranbie,  Inc. 

2.1,  2.2, 

Belleville,  NJ  07109 

P.  0.  Box  3214 

2.3,  2.4 

The  Permutit  Co.,  Inc.  of 
Sybron  Corp. 

E.  49  Midland  Ave. 

Paramus,  NJ  07652 

Irving,  TX  75061 

Raytheon  Company 

A,  B,  C,  D,  E 

6.1,  6.2 

Perry  Oceanographies,  Inc. 

1.2,  5,  6 

Submarine  Signal  Div. 

Ocean  Systems  Center 

A,  B,  C,  D 

P.  0.  E;ox  10297 

A,  B,  C,  D 

1 

1847  W.  Main  Road 

Riviera  Beach,  Florida  33404 

Portsmouth,  RI  02871 

Plessey,  Inc.  6.1 , 6.2 

Tel  1 urometer  USA  A,  B,  C,  D 

89  Marcus  Blvd. 

Hauppage,  NY  11787 


Joseph  G.  Pollard  Co..  Inc.  5.1 

New  Hyde  Park,  NY  n040  A,  B,  C,  D 


Power  Engineering  & Equip.  Co. 
1826  W.  213  St. 

Torrance,  CA  90501 

Precision  Gas  Products,  Inc. 
Sub.  of  Burdox,  Inc. 

681  Mill  Street 
Rahway,  NJ  07065 

Preformed  Line  Products 
P.  0.  Box  91129 
Cleveland,  Ohio  44101 


Princeton  Applied  Research  Corp. 
P.  0.  Box  2565 
Princeton,  NJ  06540 

Pro-Tech,  Inc. 

liquid  Samplers  and  Flow 

Monitors 

1510  Russel  Rd. 

Paoli,  PA  19301 


Reliance  Instrument  Mfg.  Corp. 

164  Garibaldi  Ave. 

Lodi,  NJ  07644 

Reynolds  French  Co.  5.0 


Robertshaw  Controls  Co., 
Industrial  Instrumentation  Div. 
1809  Staples  Mill  Rd. 

Richmond,  VA  23230 

Robinson  Pipe  Cleaning  Co. 

606  W.  Pike  St. 

Canonsburg,  PA  15317 

Roma  Sales,  Inc. 

407A  North  Central  Avenue 
Glendale,  CA  91203 


R.  P.  Cargille  Labs,  Inc. 

55  Comnerce  Rd 
Cedar  Grove,  NJ  07009 

Earl  Ruble  t Associates,  Inc. 
217  S.  Lake  Ave. 

Duluth,  Minn  55802 


LISTING  - (Continued) 


SBM  of  America  8.4 

Houston,  TX  A,  B,  C 

Schaevitz  Engineering  5 

P.  0.  Box  505  A.  B,  C 

Camden,  NO  08101 


Science  Pump  Corp. 

1431  Ferry  Avenue 
Camden,  NO  08104 

Science  Applications,  Inc.  8.1,  8.2,  8.3,  8.7 
201  West  Dyer  Rd.  A,  B,  C,  D,  E 

Unit  6 

Santa  Ans,  CA 

Scientific  Gas  Products,  Inc. 

2230  Hamilton  Blvd. 

S.  Plainfield,  NJ  07080 

Scientific  Glass  & Inst.,  Inc. 

P.  0.  Box  6 
Houston,  TX  77001 


Singer-American  Meter  Div. 

13500  Philmont  Ave. 

Philadelphis,  PA  19116 

Sirco  Controls  Co.  4,  5,  6 

401  Second  Ave.  W.  0 

Seattle,  Washington  98119 


Sirco  Products  Limited 
8815  Selkirk  Street 
Vancouver,  BC  V6P  4J7 

Sofec,  Inc. 

2000  W.  Loop 
Houston,  TX 

Soltraplex,  Inc. 

Lehavre,  France 

Sona  Tech,  Inc.  6 

Goleta,  CA  93017  A,  B,  C,  0 


Scott  Ato 

225  Erie  Street 

Lancaster,  NJ  14086 


Sonic  Inc  5 

Trenton,  NJ  A,  B,  C 


Seatech  Corp. 

Ocean  Engineer! nc 
985  K.W.  95th  St. 
Miami,  Fla.  33150 

SEDCO 

Houston,  TX 


Sound  Wave  Systems,  Inc. 

3001  Red  Hill  Bldg.  1 Ste  102 
Costa  Mesa,  CA  92626 

Spectrogram  2.5 

North  Hampton,  Conn  A,  B,  C 


Sensotec 

1400  Holly  Avenue 
Columbus,  Ohio  43212 


Sperry 

Marine  Systems 
Greak  Neck,  NY  11020 


6.1,  6.2 

A,  B,  C,  0,  E 


Siemens  Aktiegesellschlaft 
Bereich  Mebund  Prozebtechni k 
P.  0.  Box  211080 
Federal  Republic  of  Germany 

Sierra  Instruments,  Inc. 

P.  0.  Box  909 

Carmel  Valley,  CA  93924 

Sigma  Instruments  Ltd.  4.2,  4.3 

55  Six  Point  Road  A,  B,  C 

Toronto,  Ontario  M8Z  2X3 

Sigmamotor,  Inc. 

14  Elizabeth  St. 

Middleport,  NY  14105 


Stoner  »ssnciates  7.2 


Sub  Sea  International  1,  4,  5,  6 

New  Orleans,  LA  D 

Sunshine  Chemical  Corp. 

P.  0.  Box  17041 

West  Hartford,  Conn  06117 

Supelco,  Inc. 

Supelco  Park 
Bellefonte,  PA  16823 

Sylvester  Underseas  Inspection  1.1,  4,  5,  6 
900  Hingham  Street  0 

Rockland,  Mass.  02370 


J 
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TDW  Pipeline  Surveys 

P.  0.  Box  1286 

Tulsa,  OK  74101 

3.2,  5.1 

A,  B,  C,  D, 

E 

Uniloc 

Irving,  CA 

T.D.  Williams,  Inc. 

P.  0.  Box  3404 

Tulsa,  OK 

3.2 

A,  B,  C,  D, 

E 

Union  Carbide  Corporation 

120  South  Riverside  Plaza 
Chicago,  IL  60606 

Unit  Process  Assemblies,  Inc. 

TechEcology,  Inc. 

645  N.  Mary 

Sunnyvale,  CA  94086 

UOP 

Teledyne  Analytical 
Instruments 

P.  0.  Box  70 

333  W.  Mission  Dr. 

San  Gabriel , CA 

4.1,  9 

A,  B,  C 

Johnson  Division 

P.  0.  Box  3118 

St.  Paul,  Minn.  55165 

Vanode  Company 

Torrance,  CA 

Teledyne  Hastings-Raydist 

P.  0.  Box  1275 

Hampton,  VA  23661 

Varec 

Teledyne  Gurley 

514  Fulton  St. 

Troy,  NY  12181 

Terriss-Consol idated  Ind. 
126-128  Hope  Street 
Brooklyn,  NY  11211 

Texas  Instr. 

Dallas,  TX 

Varian 

611  Hansen  Way 

Palo  Alto,  CA  943D3 

Varian/Vacuum  division 

9901  Paramount  81 vd. 

Downey , CA  90240 

Thermal  Instrument  Co. 

217  Sterner  Mill  Rd 
Trevose,  PA  19047 

Vetco  Pipeline  Service 

1600  Brittmoore  road 

Houston,  Texas  77043 

Thermal  Systems,  Inc. 

2500  Cleveland  Ave. 

N.  St.  Paul,  Minn  55113 

7.1 

A,  B 

Vidimar 

Tulsa,  OK 

Top  Flight,  Inc. 

Oklahoma  City,  OK 

Tom  Ponton  Industries,  Inc. 

13923  Artesia  Blvd. 

Cerritos,  CA  90701 

Transworld  Inspection  Corp.  3.2 

A,  B,  C, 

D 

Turner  Designs 

2247  A Old  Hiddlefield  Way 

Mountain  View,  CA  94043 

Tylan  Corporation 

19220  So.  Normandie 
Torrance,  CA  90502 

Tuthill  Pump  Co. 

12500  S.  Crawford  Ave. 
Chicago,  IL  60658 

4.3 

A.  B.  C 

5.4 

4.3 

8.12 

A,  B 

5.5 

A,  B,  C,  D 

3.2,  5.4 
A,  B,  C,  D,  E 

3.2 

A,  B,  C,  D,  E 
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Uallace-Fisher  Instrument  Co.  Xarway  Corporation 

P.  0.  Box  51  Blue  Bell,  PA  19422 

Ocean  Grove  Station 

Swansea,  Mass  02777  XMAS,  Inc. 

8186  East  44th  Street 

Waukesha  Foundry  Division  7.1,  9 Tulsa,  OK  74145 

Abex  Corporation  A,  8,  C 

1300  Lincoln  Ave. 

Waukesha,  Wise.  53186  Zinnite  Corporation 

810  Sharon  Drive 
Cleveland,  Ohio  44145 

Weather  Measure  Corporation  9 

P.  0.  Box  41257  A,  B,  C,  D Zurn  Industries,  Inc. 

Sacra"ento,  CA  95841  Hays  Fluid  Controls  Div. 

12  t Plum  Sts. 

Erie,  PA  16512 

WECO,  Division  SMC 

Brea,  CA  Zander! ans  and  Sons,  Inc.  8.11 

1320  South  Socramento  St.  A,  8,  C,  D,  E 

Wesmar  6.2  Lodi,  Calif. 

Seattle,  Washington  A,  B 

Westinghouse  Elec.  Corp.  7.1 
Oceanic  Division  (Ultrasonic  Flowmeters) 

P.  0.  Box  1488  A.  B,  C 

Annapolis,  Md 


Wild  Hurburugg  Instr.  Inc. 

Famingdale,  NY 

Whesssue  Fielden  8.12 

A,  B 

World  Wide  Oil  Too,  Inc.  3.6 

4041  Hollister  A,  B,  C,  D 

Houston,  TX  77080 

I Wright  and  Wright,  Inc.  2.1,  2.2,  ^.3 
80  Winchester  St.  A,  B,  C,  D 

Newton,  Mass.  02161 


Waugh  Control  Corp.  7.1 
9001  Full  Bright  Ave  A,  B,  C 
Chatsword,  CA  91311 


APPENDIX  B 


INSPECTION  MEIHODS-OPERATION.  CAPABILITY.  SENSITIVITY. 


MANUFACTURERS  AND  COST.  ADVANTAGES.  DISADVANTAGES 

LIMITATIONS 

B.l 

VISUAL  INSPECTION 

B.2 

OIL  SPILL  DETECTORS 

B.3 

DYNAMIC  INSERTION  INTO  OTS 

B.4 

CORROSION 

B.5 

NON-DESTRUCTIVE  TESTING 

B.6 

SURVEY 

B.7 

OTS  CONTROL 

B.8 

SPECIAL  METHODS 

B.9 

MISCELLANEOUS  METHODS 

B.  INSPECTION  METHODS  - OPERATION,  CAPABILITY,  SENSITIVITY,  MANUFACTURER 
AND  COST,  ADVANTAGES,  DISADVANTAGES  AND  LIMITATION 


The  operation,  sensitivity,  equipment  manufacturers,  estimated 
costs,  advantages,  disadvantages  and  limitations  are  described  briefly 
for  all  potential  inspection  methods.*  The  intent  here  is  to  provide 
a basic  overall  description  of  the  inspection  methods  from  a user/operator 
point  of  view.  Additional  technical  details  of  theory,  equations, 
operation  and  specifications  are  available  from  the  manufacturers -in 
the  noted  references  (See  Table  3-1  and  Section  6)- 


Appendix  B is  separated  into  nine  major  inspection  areas. 

They  are: 

1 . Visual  , 

2.  Oil  Spill  Detectors, 

3.  Dynamic  Insertion  into  OTS  . 

4.  Corrosion. 

5.  Non-Destructive  Testing  , 

6 . Survey . 

7.  OTS  Control  » 

8.  Special  Methods  , 

9.  Miscellaneous. 

Each  major  inspection  area  is  described  in  a separate  subsection  that 
includes  a description  of  applicable  inspection  methods**. 


* See  also  Table  3-1  for  a comparison  and  brief  description  of  the 
inspection  methods. 

**  In  certain  cases,  an  inspection  method  might  also  be  applicable  to 
more  than  one  major  inspection  area.  To  avoid  excessive  duplication, 
the  method  is  described  in  only  one  major  inspection  area. 
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B.1 


VISUAL  INSPECTION 


Visual  inspection  of  deepwater  port  OTS  components  is 
accomplished  primarily  by  inspectors  stationed  in  the  following  areas: 

1.  On  deck  of  ship  (VLCC); 

2.  In  launches  or  small  boats  that  travel  between  ship, 

SPM,  pumping  platform  and  land; 

3.  On  pumping  platform  ; 

4.  On  SPM  buoy; 

5.  On  land; 

6.  In  the  air. 

Visual  inspections  are  also  frequently  carried  out  by  divers  for 
underwater  components.  Manned  submersibles  or  remotely  controlled 
inspection  vehicles,  although  seldom  used,  may  be  effective  for 
inspection  of  a few  OTS  components  such  as  the  undersea  pipeline. 

Various  types  of  remote  visual  inspection  can  also  be  used  advantageously 
for  some  inspections.  For  example,  a low-light  TV  can  be  installed  on 
the  SPM  buoy  or  on  the  pumping  platform  with  viewing  of  a video  monitor  cn 
the  shore  or  pumping  platform. 

Aids  to  simple  visual  inspection  can  enhance  the  effectiveness 
of  simple  visual  monitoring.  Some  of  the  more  effective  aids  include 
portable  low-light  TV  with  video  monitoring  and  fluorescent  lighting.  These 
aids  are  particularly  useful  from  the  deck  of  a ship  or  for  underwater 
inspection.  Another  method,  that  can  be  used  advantageously,  is  the 
viewing  of  the  inside  of  an  OTS  component  with  a flexible  optical  borehole! 
device.  Another  visual  aid  is  the  use  of  tapes  that  are  wrapped  around 
OTS  components  such  as  hoses.  Leaking  oil  from  the  hoses  causes  the  tapes 
to  change  color  resulting  in  easy  visual  detection  by  an  observer. 

Visual  inspection  can  be  used  to  detect  small,  incipient  type 
oil  leaks  or  external  defects  on  components.  Costs  of  this  type  of  in- 
spection are  quite  high,  particularly  when  divers  are  required.  Daytime 
visual  inspection  is  adequate,  under  most  conditions,  for  incipient 
failure  detection  of  leaks.  For  example,  small  leaks  at  hose  flange  or 
kinking  of  hoses  may  be  detected  before  a failure  occurs  that  may  lead 
to  an  oil  spill  incident.  Visual  inspection  has  many  obvious  limitations, 
it  is  not  effective  in  bad  weather,  in  fog  or  in  darkness. 


Visual  inspection  methods  and  procedures  are  described  in  the 
subsections  that  follow.  Typical  inspections  are  identified  for  each 
inspection  method. 
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B.1.1 


Visual  Inspection  From  Launch 
Principle  of  Operation 

Visual  inspection  from  a launch  is  carried  out  by  providing  a launch 
or  small  boat  to  travel  between  the  VLCC,  the  SPM,  and  the  platform  and 
by  using  inspectors  to  visually  inspect  OTS  components  for  leakage  or 
damage.  Lighting  may  be  used  at  night  to  improve  visibility. 

Capability 

Inspections  are  generally  carried  out  for  hose  string,  mooring 
system  and  SPM  components.  Visual  inspections  can  be  used  to  detect 
oil  leakage  and  a number  of  other  incipient  failure  indications  such 
as  external  damage,  connection  or  configuration  errors,  etc.  that 
could  lead  to  failure  of  an  OTS  component  and  result  in  an  oil  spill 
incident.  This  method  can  be  carried  out  for  a wide  range  of 
important  inspections.  Periodical  visual  inspections  from  the  launch 
are  given  in  Section  5. 2. 1.1,  and  continuous  visual  inspections  are 
given  in  Section  5. 2. 1.3. 

Sensitivity 

The  sensitivity  of  visual  inspections  from  a launch  is  adequate, 
in  many  instances,  to  provide  incipient  failure  detection  such  as 
observing  improper  hose  configurations  or  finding  small  leaks  at  hose 
flange  connections.  However,  the  method  is  insensitive  to  internal  or 
small  surface  defects  that  can  cause  failures  in  hoses,  flange  seals, 
etc.  The  method,  in  general,  is  sensitive  to  catastrophic  failures, 
minor  above-water  oil  spills  and  medium  underwater  spills.  Sensitivity, 
of  course,  is  limited  to  normal  human  sensing  capabilities,  primarily 
visual,  hearing  and  smell. 

Costs 

Continuous  visual  inspection  during  a ship  offloading  can  vary 
widely  as  discussed  in  Section  4.2.  The  major  cost  items  include  a 
manned  launch,  crew  boat  and  terminal  support  personnel.  Continuous 
visual  inspections  of  the  hose  strings,  SPM  and  mooring  system  for 
approximately  48  hours  during  a VLCC  offloading  is  estimated  to  cost 
about  $6200.  Periodic  inspections  occurring  every  two  hours  is 
estimated  to  cost  approximately  $3600.  Inspection  costs  on  a yearly 
basis  are  expected  to  be  quite  high  and  may  exceed  $500,000.  Daily 
continuous  inspections  may  exceed  costs  of  $1,000,000  over  a period 
of  a year.  (See  Tables  4-2  and  4-3). 

Advantages 

Continuous  visual  inspection  from  a launch  appears  to  be  the  most 
effective  overall  inspection  method  currently  in  use.  The  main 
advantages  of  this  method  are  that  the  method  is  extremely  simple 
and  it  provides  hundreds  of  inspections  covering  a wide  range  of  OTS 
components  which  currently  cannot  be  accomplished  in  a more  effective 
manner  by  other  inspection  means. 


B.1.1  (Continued) 

Disadvantages  and  Limitations 

The  main  disadvantages  and  limitations  include  the  following: 


(1)  Cannot  be  used  in  bad  weather; 

(2)  Not  adequate  in  darkness; 

(3)  Subject  to  personnel  error; 

(4)  Expensive; 

(5)  Does  not  provide  adequate  incipient  failure  detection 

of  OTS  components  such  as  underwater  hoses  and  pipelines; 

(6)  Difficulty  in  discriminating  between  an  oil  spill  and 

the  oil  sheen  from  boat  engines  or  a few  liters  of  leakage 
at  ship  (this  may  spread  over  a wide  area)  or  a small 
oil  leak  from  an  OTS  component. 
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B.1.2 


Visual  Inspections  on  Deck  of  Ship 


Principal  of  Operation 

Visual  inspections  are  carried  out  continuously  by  inspectors  on 
the  deck  of  the  VLCC. 

Capability 

This  type  of  inspection  method  provides  continuous  inspections 
on  the  ship  during  ship  offloading.  In  addition,  a number  of 
inspections  of  the  hose  string  and  mooring  system  can  also  be  carried  out 
Typical  continuous  visual  inspections  from  the  deck  of  the  ship  are  given 
in  Section  5.2.1 .2. 

Sensitivity 

The  sensitivity  of  visual  inspections  from  the  deck  of  a ship  is 
adequate,  in  many  instances,  to  provide  early  detection  of  catastrophic 
failures  such  as  ship  breakout  and  also  the  detection  of  medium  to 
major  oil  spills.  The  method  provides  only  very  limited  incipient 
failure  detection  primarily  because  of  the  long  distance  (typically 
several  hundred  feet)  between  the  inspector  and  many  of  the  OTS 
components,  particularly  the  hose  string  and  mooring  system. 

Costs 

Costs  of  continuous  visual  inspections  from  the  deck  of  the  ship 
are  quite  high  and  depend  on  the  number  of  inspectors.  Inspection 
costs  for  a single  inspector  on  the  deck  of  the  ship  are  given  in 
Tables  4-2  and  4-3.  Inspections  costs  on  a yearly  basis  are  quite 
high  and  expected  to  range  from  $500,000  to  $1,000,000. 

Advantages 

Continuous  visual  inspection  from  the  deck  of  the  ship  provides 
essential  inspections  that  cannot  be  carried  out  by  other  means. 

These  essential  inspections  are  mainly  for  the  shipboard  connections 
and  the  rail  hose.  The  method  is  simple  and  provides  some  incipient 
failure  detection  for  a few  OTS  components  such  as  the  rail  hose. 

Disadvantages 

Disadvantages  and  limitations  include  the  following: 

(1)  Inadequate  in  bad  weather,  fog  and  in  darkness  except 
for  ship  breakout; 

(21  Subject  to  personnel  error; 

(3)  Difficulty  in  discriminating  between  minor  spills  and 
thin  oil  sheen  on  surface  of  water  (oil  sheen  can 
occur  from  a few  liters  of  oil  leakage  and  can  cover 
a wide  area); 

(4)  High  cost; 

(5)  Provides  no  detection  of  internal  or  small  defects  of 
shipboard  connections  such  as  small  cracks,  corrosion 
or  weld  damage; 

(6)  Provides  very  little  incipient  failure  inspections  for  the 
mooring  system  or  hose  string. 
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B.1.3  Visual  Inspection  by  Divers 
Principle  of  Operation 

Underwater  inspections  carried  out  by  divers  and  support  personnel 
include  the  following  general  inspection  operations: 

1.  Diver  support  equipment  is  provided  from  a boat  and  may  in- 
clude a diving  bell  lowered  from  the  surface. 

2.  Extent  and  nature  of  marine  growth  recorded. 

3.  High  pressure  cleaning,  wire  brushing,  sanding,  etc.  performed 
on  underwater  components  prior  to  visual  inspection. 

4.  Removal  of  debris,  rocks,  etc. 

5.  Tankers  not  moored  to  buoy  and  a calm  state  forecast  for 
48  hours  unless  indicated  otherwise. 

6.  A diving  platform  may  be  required  during  certain  sea  states 
such  as  in  choppy  waters  typically  above  6-8  feet  seas  that 
occur  in  wintertime.  (Diving  platforms  can  be  used  in  seas 
up  to  about  20  feet  provided  divers  are  lowered  through  the 
interface  very  quickly.  Inspection  below  60  feet  can  be 
carried  out  in  choppy  seas  but  little  or  no  inspections  can 
be  carried  out  above  60  feet  because  of  excessive  diver  move- 
ment. In  many  high  sea  states  loading  equipment  from  boat 

to  platform  is  difficult.  (Loading  the  platform  by  a heli- 
copter would  solve  the  problem.) 

7.  Early  spring  or  early  fall  are  inspection  times  recommended 
in  the  Gulf  coast.  Wintertime  inspections  are  extremely 
difficult. 

8.  All  U.S.  diving  regulations  for  offshore  facilities  should 
be  observed. 

Capability 

Underwater  visual  inspections  can  be  used  to  detect  small  amounts 
of  oil  leakage  and  a number  of  incipient  failure  indications.  This 
method  can  be  carried  out  for  a wide  range  of  important  inspections. 
Typical  visual  inspections  by  divers  are  given  in  Section  5. 2. 1.7, 

5. 2. 3. 2 and  5. 2. 4. 2. 
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B.1.3  (Continued) 


Sensitivity 

Diver  inspections  are  of  sufficient  sensitivity  to  detect  small 
amounts  of  oil  leakage,  external  damage,  configuration  errors,  etc. 
Underwater  visual  inspections,  of  course,  are  not  as  good  as  normal 
above  water  inspections.  However,  inspections  with  visual  aids  such 
as  underwater  lighting  and  hand-held  low-light  TV  cameras  result  in 
adequate  visibility  for  underwater  inspections.  Inspections  are 
limited  to  maximum  depths  of  about  600  meters.'^  Diver  inspections 
at  depths  of  30  to  60  meters  are  routine.  Further,  diver  inspections 
generally  are  effective  to  depths  of  about  300  meters.  Limited  10 
inspections  currently  can  be  carried  out  between  300  and  600  meters. 
However,  recent  work  by  Comex^^  indicates  that  inspections  at  those 
depths  might  be  carried  out  with  only  minimal  limitations. 

Costs 

Diver  inspections  are  of  medium  cost.  For  example,  inspection 
of  the  underbuoy  hose  string  of  a CALM  SPM  is  expected  to  cost  about 
$3000.  Generally,  underwater  inspections  by  divers  are  cost  effect- 
ive to  about  300  meters.  Beyond  that  depth  submersibles  or  other 
types  of  inspection  methods  should  be  used. 

Advantages 

This  method  provides  good  inspection  for  many  OTS  components.  It 
is  the  only  cost-effective  method  currently  available  for  inspection 
of  a number  of  important  OTS  components  such  as  submarine  hoses  and 
submerged  components  of  the  SPM. 

Disadvantages 

A few  of  the  important  disadvantages  and  limitations  of  this 
inspection  method  are  as  follows: 

(1)  The  frequency  and  degree  of  inspections  of  OTS  components 
is  limited  primarily  because  of  cost  considerations; 

(2)  Not  usually  performed  in  fog,  darkness  and  rough  weather; 

(3)  Subject  to  personnel  error; 

(4)  Photographic  and  video  tape  records  sometimes  are 
unreliable  or  difficult  to  interpret. 


B.1.4 


Subtnersibles  - Manned  or  Remotely  Controlled 


Principle  of  Operation 

Manned  or  remotely  controlled  submersibles,  equipped  with  lights, 
video  TV  cameras,  side-scan  sonar,  etc,  can  be  used  for  visual  under- 
water inspections.  A wide  variety  of  submersibles  exist  (for  examples, 
see  Reference  10)  that  travel  underwater  at  relatively  high  speeds 
and  can  carry  out  inspections  at  depths  that  greatly  exceed  diver 
visual  inspections.  Remotely  controlled  vehicles  are  controlled  by 
a surface  ship  with  a winch  and  usually  includes  support  and  control 
equipment  such  as  an  armored  control  cable,  a launch  and  recovery 
capsule  and  a tether  cable  attached  directly  to  the  submersible. 

Numerous  manned  submersibles  exist.  A typical  two-man  submersible 
(by  Cooke  Bros.),  that  could  be  used  for  DWP  inspections,  has 
a range  of  25  miles,  travels  at  about  five  knots  and  can  be  used  to 
a depth  of  180  meters. 

Capability 

Submersibles  can  be  used  for  a wide  range  of  inspections.  However, 
their  potential  usage  at  deepwater  ports  is  somewhat  limited.  This  is 
because  the  depths  of  the  pipeline,  pumping  platform  and  SPM  are 
expected  to  be  less  than  one  hundred  meters.  At  these  depths,  diver 
visual  inspections  provide  more  effective  inspections  and  are  also  more 
cost-effective.  One  of  the  main  uses  of  manned  submersibles  for  DWP's 
is  to  quickly  inspect  the  length  of  the  undersea  pipeline  if  oil 
leakage  or  damage  is  suspected,  but  the  location  is  unknown.  Also,  the 
inspection  method  can  provide  quick  and  effective  inspections  of  the 
undersea  pipeline,  pumping  platform  and  SPM  after  a major  catastrophy 
such  as  an  earthquake.  Remotely  controlled  vehicle  inspection  can 
be  particularly  useful  for  visual  inspections  of  pumping  platform 
structures  and  undersea  pipelines  that  are  located  in  very  deep  water 
(>300  meters). 

Manufacturer  and  Cost  Data 

Manufacturers  and  operators  of  submersibles  are  included  in 
Reference  10  and  a few  are  given  in  Appendix  A.  Costs  of  inspections 
using  submersibles  are  usually  much  higher  than  diver  inspections 
and  generally  are  not  cost-effective  if  used  in  less  than  300  meters 
of  water.  When  fast  and  wide  area  underwater  inspections  are  re- 
quired, however,  submersible  inspections  may  be  more  cost-effective 
than  diver  inspections.  The  cost,  for  example,  of  inspection  of  20 
miles  of  undersea  pipeline  by  a manned  submersible  is  in  excess  of 
$100,000. 


B. 1.5(a)  Visual  Inspection  on  SPM  Buoy 
Principle  of  Operation 

Visual  inspections  are  carried  out  continuously  by  inspectors  on 
the  CALM  SPM  buoy  at  any  time  and  periodically  on  the  SALM  SPM. 

Capability 

This  inspection  method  provides  a number  of  inspections  that  are 
similar  to  those  carried  out  from  the  deck  of  the  ship.  Some  of  the 
main  types  of  inspections  are  as  follows: 

1.  Oil  leaks  at  or  near  buoy 

2.  Some  external  hose  string  and  mooring  system  defects 
near  buoy 

3.  Orientation  alignment  and  movement  problems  that  can 
cause  failure 

4.  Mooring  system  failures  at  buoy  and  along  mooring  line 

5.  Hose  string  leaks  or  rupture 

6.  SPM  leaks 

Other  visual  inspections  on  a SPM  buoy  are  given  in  Section  5.2.3. 1 and 
5. 2. 4.1. 

Sensitivity 

The  sensitivity  of  visual  inspections  from  the  SPM  buoy  is 
sufficient  to  provide  early  detection  of  catastrophic  failures  such 
as  ship  breakout  and  hose  string  rupture  and  also  the  detection  of 
small  to  medium  oil  spills.  The  method  provides  good  incipient 
failure  detections  because  of  the  close  proximity  of  the  inspector 
to  many  of  the  OTS  components,  particularly  the  hose  string  and 
mooring  system.  Also  the  inspector  can  hear  the  sounds  of  oil  leakage 
or  the  sound  that  occurs  before  rupture.  In  addition,  the  odors  of 
oil  leakage  can  also  be  detected. 

Costs 

Cost  of  continuous  visual  inspections  are  similar  to  those  in- 
curred using  an  inspector  on  the  deck  of  the  ship. 

Advantages 

(1)  Simple 

(2)  Provides  wide  range  of  visual  inspections 

(3)  Provides  some  useful  incipient  failure  detection  in 
fog  or  darkness 


Disadvantages 

Ml  Medium  cost 

(2)  Cannot  be  used  in  rough  weather 
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B. 1.5(a)  (Continued) 


(3)  Subject  to  personnel  error 

(4)  Could  be  hazardous  to  personnel 

(5)  Cannot  be  done  on  SALM  because  the  SALM  buoy  is  designed 
to  submerge  under  heavy  loads  (if  breakout  occurred  it 
would  be  extremely  dangerous  for  the  inspector). 

B.1.5  (b)  Visual  Inspection  on  Pumping  Platform 

Principle  of  Operation 

Visual  inspection  for  oil  leakage  on  the  water  is  carried  out 
continuously  from  the  pumping  platform. 

Capability 

The  main  capability  of  this  method  is  the  detection  of  minor  to 
medium  oil  leaks  on  the  surface  of  the  water  near  the  pumping  platform 
and  external  damage  of  piping  from  undersea  pipeline  to  the  platform 
piping.  Visual  inspections  can  also  be  made  for  pumping  platform 
OTS  components. 

Costs 

Similar  to  costs  for  visual  inspection  from  deck  of  ship. 
Advantages 

The  main  advantages  of  this  inspection  method  are  that  it  is 
simple  and  that  it  provides  some  incipient  failure  detection  because 
of  the  capability  to  detect  minor  spills  before  a major  oil  spill 
incident  occurs. 

Disadvantages 

The  main  disadvantages  of  this  inspection  method  are: 

(1)  High  cost; 

(2)  Difficulty  in  discriminating  between  thick  oil  slicks 
and  a thin  sheen. 
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B.1.6 


Optical  Borehole 
Principle  of  Operation 

A flexible  fiberoptic  viewing  probe  with  a bright  light  is  in- 
serted into  OTS  components  through  flanges  or  other  means  for  inspect- 
ing internal  sections  of  OTS  components.  A bundle  of  flexible  finely 
spun  glass  fibers  is  used  to  transmit  light  and  images  to  and  from 
the  inspected  area  of  the  OTS  component.  An  adjustable  eyepiece  lens 
is  used  for  viewing  by  an  inspector  or  for  attachment  to  a camera  for 
a permanent  record.  Up  to  40,000  coated  fibers  that  are  12  microns 
each  are  geometrically  aligned  in  a single  bundle  to  transmit  the 
total  image.  Each  fiber  carries  its  own  mosaic  part  of  the  total 
image  and  is  coated  with  a mirror-like  lower  index  of  refracting 
glass  which  keeps  the  image  within  the  individual  fiber. 

Other  viewing  probes  that  are  not  flexible  can  also 
be  used.  These  probes  use  a light  source  for  illumination  of  the 
inspected  component  and  a scanning  mirror  system  to  view  the  image. 

Capability 

Optical  borehole  inspection  can  be  used  for  internal  visual  in- 
spection of  many  OTS  components  that  cannot  be  suitably  inspected  by 
other  means.  Internal  inspections  of  hose  sections,  chambers,  pipe- 
lines, valves,  machinery,  etc.  can  be  carried  out.  Inspections  can 
also  be  carried  out  underwater. 

Sensitivity 

Viewing  of  360°  in  all  planes  can  be  accomplished.  Photographs 
of  the  inspected  area  can  be  taken  at  the  viewing  port  for  a permanent 
record.  System  resolution  varies  depending  upon  specific  unit,  but 
a typical  device  has  a resolution  of  34  line  pairs  per  mm. 

Advantages 

(1)  Good  incipient  failure  detection 

(2)  Cotimercially  available 

(3)  Low  cost 

(4)  Simple 

(5)  Perminent  record 

(6)  Inspection  of  areas  that  cannot  be  inspected  by  other  means 
Disadvantages 

(1)  Requires  that  inspected  area  be  emptied  of  oil 
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TV  Monitor 


Principle  of  Operation 

TV  monitoring  is  carried  out  by  installing  a TV  camera  above  the 
water  or  underwater  for  continuous  visual  inspection  of  OTS  components. 
Cameras  can  be  either  hand  held  by  inspectors,  automatically  controlled 
for  scanning  over  a broad  area  or  placed  in  a stationary  location. 

The  camera's  view  can  be  visually  observed  on  a television  monitor, 
video  recorded  or  photographed. 

Capability 

TV  monitoring  can  be  used  for  inspections  from  the  SPM  buoy 
(practical  for  CALM  only),  on  the  deck  of  the  ship  or  on  the  pumping 
platform.  Low-light  TV  cameras  can  be  used  for  these  inspections 
and  can  also  be  used  by  inspectors  at  these  locations  to  aid  visual 
inspections  in  darkness.  The  method  can  be  used  for  a variety  of 
inspections  of  OTS  components  such  as: 

TV  MONITOR  ON  CALM  BUOY 

Hose  String 
XT)  Oil  leaks 

(b)  External  damage 

• kinking 

• collapse 

• safety  blinker  lights  operating 

• loss  of  buoyancy 

(c)  Fouling  with  each  other 

(d)  Stream  out  and  floating  freely 

(e)  Damage  to  floatation  medium 

(f)  Looseness  or  loss  of  assemblies 

(g)  Debris 

Mooring  System 
IF)  Ship  breakout 

(b)  Impact  damage 

(c)  Condition  of  rope  floats 

(d)  Hawser  entangled 

(e)  Hawser  fouling 

(f)  Free  streaming 

(g)  Loss  of  rope  floats 

(h)  Loss  of  assemblies 

SPM 

XaT  Oil  leaks 

(b)  Loss  of  assemblies 

TV  MONITOR  ON  DECK  OF  SHIP  (LOW-LIGHT  TV) 

Aids  visual  inspections  in  darkness 

(see  Section  5. 2. 1.2  for  typical  inspections) 
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B.1.7  (Continued) 

TV  MONITOR  ON  PUMPING  PLATFORM 

• Oil  leakage 

• Ship  movements 

Manufacturer  and  Cost  Data 

TV  monitoring  equipment  is  available  from  numerous  companies. 
Costs  for  a TV  monitoring  system  with  low-light  capability 
on  the  deck  of  a ship,  on  the  SPM  or  the  pumping  platform  typically 
range  from  about  $10,000  to  $25,000. 

Advantages 

Some  of  the  main  advantages  are: 

(1)  Simple 

(2)  Wide  area  of  coverage 

(3)  Operates  at  light  levels  that  are  inadequate  for 
visual  inspection 

(4)  Some  incipient  failure 

(5)  Commercially  available 

(6)  Aids  visual  inspection  on  deck  of  ship,  SPM  and 
pumping  platform 

(7)  Safe  (no  men  must  be  topside  in  bad  weather) 
Disadvantages 

One  of  the  main  disadvantages  is  that  the  method  is  not  as 
effective  as  simple  continuous  visual  inspection  by  an  inspector  on 
the  deck  of  the  ship,  SPM  and  pumping  platform.  However,  the 
inspection  method  may  be  suitable  in  some  instances  in  reducing  the 
number  of  inspectors.  Also,  the  method  is  impractical  for  the  SALM. 
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Tape  Detection 


Principle  of  Operation 

A variety  of  types  of  tapes  wrapped  around  hoses  or  other  OTS 
components  are  potentially  feasible  for  inspection  of  small  amounts 
of  oil  leakage  or  excessive  stress  that  are  indicative  of  potential 
failure.  Concepts  such  as  blister,  color  change,  tracer  reactions, 
changes  in  resistance  or  capacitance  are  possible.  These  concepts 
entail  electromechanical,  electro-chemical  and  electroconductive 
effects  on  the  tapes.  Tapes  that  change  color  or  tapes  that  change 
electrical  characteristics  appear  most  promising  for  hose  strings. 
Examples  of  typical  tapes  are  given  in  the  following  paragraphs. 

Several  elastic  and  viscoelastic  materials  are  known  whose 
electrical  conductivity  is  a function  of  applied  stress,  for 
example,  elastomeric  epoxies  filled  with  carbon  or  silver 
particles.  If  tape  were  applied  and  a leak  should  occur,  a bulge 
or  blister  would  result  causing  the  tape  to  stretch.  The  stretched 
tape  would  have  a highar  resistivity  and  hence  provide  a simple 
detection  system. 

Electrical  characteristics  of  a tape  can  change  based  upon 
electrochemical  properties.  A number  of  substances  are  known  which 
will  react  with  the  hydrogen  sulfide  normally  present  in  oil,  and  in 
so  doing,  cause  a change  of  the  capacitance  or  conductivity  of  the 
tape,  for  example,  a tape  that  uses  a heavy  metal  coordination 
complex  of  a polymeric  ethylene  diamine  bis  acetic  acid.  Hydrogen 
sulfide  would  cause  precipitation  of  the  heavy  metal  as  the  sulfide 
with  concomitant  liberation  of  free  caroxylic  acid  groups.  Such  a 
reaction  would  cause  a change  in  resistivity  and  dielectric  properties. 

Capability 

Tape  inspection  methods  can  be  applied  to  hoses,  piping, 
chambers  and  structural  members  and  can  be  used  for  periodic  or 
continuous  inspection  of  most  OTS  components.  The  technique  has 
been  used  in  industry  primarily  for  inspection  for  excessive  strain 
at  stress  points. 

Costs 

The  cost  of  tapes  that  are  effective  in  significantly  reducing 
the  oil  spill  risk,  such  as  for  hose  strings,  is  expected  to  be 
quite  expensive  Ubout  $450,000  for  typical  DWP  with  6 SPM's)  and  are 
not  commercially  available.  This  high  cost  is  caused  by  the  high 
expected  costs  of  the  tape  and  its  short  life  expectancy 
(few  years).  In  addition,  development  costs  that  are  required  before 
a tape  inspection  system  can  be  implemented  are  also  expected  to  be 
very  high. 

Advantages 

Some  of  the  main  advantages  of  this  inspection  method  are: 
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B.1.8  (Continued) 

(1)  Simple  inspection 

(2)  Good  incipient  failure  detection 

(3)  Can  be  used  underwater 

(4)  Can  be  used  for  continuous  inspections 

(5)  Tape  repair  can  be  made  with  OTS  component  in-place  but 
coatings  would  be  difficult  to  repair  or  replace 

Disadvantages 

TFere  are  a number  of  major  disadvantages  of  tape  inspection. 

(1)  Tapes  are'  not  durable  and  excessive  damage  is  expected 
particularly  if  the  method  is  applied  to  hose  strings 
or  underwater  OTS  components . 

(2)  Cost  of  the  inspections  method  are  expected  to  be  very 
high. 

(3)  Tapes  are  in  the  feasibility  stage  only. 

(4)  A number  of  practical  problems  exist; 

• oil  from  sources  other  than  hose  leaks  may  cause 
tapes  to  change  color; 

• resue  of  the  tape  after  exposure  to  oil  may  not 
be  possible. 
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OIL  SPILL  DETECTORS 


Oil  spill  detectors  identified  in  Section  3 of  this  report  are 
intended  for  detection  of  incipient  failures;  that  is,  for  inspection 
of  small  oil  leaks  that  are  indicative  that  an  OTS  component  is  failing. 
Summary  descriptions  of  these  detectors  are  presented  in  Table  3-1 
and  are  not  discussed  further  here  because  much  of  the  information  is 
available  in  numerous  reports  such  as  NTIS  Survey  Report,  NTIS  IPS-76- 
0701,  on  oil  pollution  detection  and  sensing  and  in  manufacturer's 
literature.  Also,  an  oil  spill  research  and  development  program  has 
been  an  on-going  project  for  the  United  States  Coast  Guard  and 
Environmental  Protection  Agency  for  a number  of  years. 

Oil  spill  detectors  generally  have  not  been  used  at  deepwater 
ports.  Affects  of  environment  on  these  devices  such  as  water  velocity, 
turbidity,  wave  height,  vibration,  detector  movement,  safety  con- 
siderations, etc.  must  be  known  before  the  device  can  be  used.  A 
number  of  oil  spill  detectors,  those  commercially  available  and 
others,  have  been  improved  in  recent  years  and  potentially  can  be 
used  by  deepwater  ports.  For  example,  commercial  detectors  for 
platforms  and  launches  are  available  from  Wright  and  Wright,  Inc. 

Oil  spill  detectors  for  monitoring  from  the  deck  of  the  ship  and  pumping 
platform  are  available  from  Rambie,  Inc.,  and  Baird-Atomic,  Inc. 

A number  of  other  sources  of  oil  spill  detectors  are  given  in 
Appendix  A. 


B.3  DYNAMIC  INSERTION  INTO  OTS 

Inspection  methods  included  in  this  grouping  are  those  that 
require  insertion  of  a gas,  fluid  or  a propelled  inspection  device 
either  into  or  onto  an  OTS  component.  These  inspection  methods  are 
intended  to  be  used  primarily  for  DWP  inspection  of  OTS  pipelines 
and  hose  strings. 

Dynamic  insertion  OTS  inspection  methods,  including  dye 
tracing,  inspection  pigs,  hydrostatic-pressure  drop,  reflected 
pressure  wave,  vacuum  with  TV  inspection  pig,  external  hydrostatic 
and  acoustic  resonance,  are  described  in  the  following  subsections. 


B.3.1  Dye  Tracing 
Principle  of  Operation 

A dye  is  inserted  into  hoses,  pipelines  or  other  OTS  components 
that  are  filled  with  water  and  pressurized.  When  the  dye  leaks  through 
a leaking  component,  it  is  detected  either  visually  or  electronically 
using  a fluorometer.  Commonly  used  dyes  are  red  dyes  such  as  Rhodo- 
mine  W T,  Rhodomine  B or  yellow-green  fluorescent  dyes. 

Visual  inspection  using  red  dyes  typically  is  carried  out  during 
the  day  when  visibility  is  good.  Fluorescent  dyes  are  more  difficult 
to  see  during  the  day  because  of  the  similar  type  background  color  of 
seawater.  However,  these  dyes  are  easily  seen  in  darkness  with  a hand 
held  UV  detector  (light)  either  above  the  water  or  underwater. 

A typical  inspection  operation  would  be  to  install  a container 
over  the  inspected  OTS  component,  insert  a fluorocarbon  dye  under 
pressure  into  the  OTS  component  and  then  pump  the  sampled  water  up 
a tube  to  a fluorometer  detector  in  a boat.  The  inspection  operation 
also  could  be  carried  out  by  using  a diver  to  go  along  a pipeline  or 
hose  string  with  a suction  hose  and  then  pump  the  sampled  water  up 
to  a fluorometer  detector  in  a boat. 

Capability 

Dye  inspection  can  be  used  for  most  DWP  OTS  components.  It  is 
particularly  useful  for  hose  strings,  PLEM,  fluid  swivel,  hose  arm, 
undersea  piping  and  undersea  pipeline. 

Sensitivity 

Under  ideal  conditions,  the  dyes  with  a fluorometer  are  about 
100  times  more  sensitive  than  visual  observation  of  dyes  and  10  to 
100  times  more  sensitive  under  non-ideal  conditions  (high  waves, 
currents,  etc.).  Leak  sensitivity  of  about  1 part  in  105  (at  10%  of 
full  scale)  are  easily  detected  using  a fluorometer. 

Manufacturer  and  CosU 

Dyes  are  relatively  inexpensive  and  commercially  available  from  a 
number  of  manufacturers.  Fluorometers  are  commercially  available  at 
a cost  of  approximately  $5,000  or  can  be  rented  or  leased. 


Advantages 

This  method  provides  good  incipient  failure  detection  and  is 
useful  in  locating  very  small  leaks  particularly  in  darkness.  It  is 
particularly  advantageous  in  locating  leaks  in  areas  where  components 
have  residual  oil  from  previous  leaks  or  oil  from  external  sources. 
This  commonly  occurs  in  areas  such  as  in  the  soil  above  a pipeline 
that  had  previous  leaks.  The  inspection  is  also  useful  when  leakage 
seeps  through  the  soil  and  bubbles  from  oil  leaks  are  small  or  in 
such  small  quantities  that  they  cannot  be  observed  visually. 
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This  method  is  also  simple,  of  low  cost  and  commercially  available. 
Disadvantages 

This  method  usually  Is  time  consuming.  It  also  requires  that 
some  components  be  out-of-service  during  inspection. 
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B.3.2 


Inspection  Pigs 

A variety  of  Inspection  pigs  using  different  operating  principles 
can  be  used  for  Internal  Inspection  of  the  pipeline  and  In  some 
Instances,  hoses.  Inspection  pigs  Include  magnetic  flux,  Kallper, 
active  ultrasonic,  passive  ultrasonics,  TV  camera,  camera,  eddy 
current,  ultrasonic  Imaging  and  Infrared  units.  Most  pigs  are 
propelled  through  the  pipeline  by  oil  or  other  fluids  flowing  through 
the  pipeline.  A few  types  are  pulled  or  pushed  through  the  pipeline 
or  hose.  In  large  diameter  pipelines.  Internal  Inspections  can  be 
carried  out  using  Inspectors.  In  this  type  of  Inspection,  equipment 
and  Inspectors  are  propelled  through  the  pipelines  by  vehicles  ranging 
from  a simple  dolley  pushed  manually  to  a powered,  controlled 
environment  chamber  with  a wooden  Instrumentation  trailer. 

A pipeline  cleaning  pig,  typically  a brush  type,  and  a dummy 
Inspection  pig  should  be  run  through  the  pipeline  prior  to  actually 
running  the  Instrumented  Inspection  pigs.  The  pipeline  should  be  In- 
spected before  the  oil  Is  Initially  transported  to  obtain  a back- 
ground. Calibration  blocks  for  some  types  of  Inspection  pigs  should 
also  be  put  on  the  pipeline  to  provide  operational  and  sensitivity 
checks.  Tracking  systems  for  Inspection  pigs  should  also  be  used 
In  case  the  Inspection  pig  gets  stuck  In  the  pipeline  or  for  Identi- 
fication of  defective  areas. 

Magnetic  flux  Inspection  pigs,  because  of  their  wide  usage,  are 
specifically  described  In  the  following  subsection.  Information 
on  other  Inspection  pigs  Is  given  In  part  3.2  of  Table  3-1  or  Is 
available  from  the  manufacturers  Identified  In  Appendix  A. 
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B.3.2.1  Magnetic  Flux 

Principle  of  Operation 

A magnetic  field  is  induced  into  a pipe  wall  around  the  circum- 
ference and  the  field  flows  in  a longitudinal  direction.  In  an  un- 
damaged pipe,  a smooth  flow  of  magnetic  lines  of  flux  all  remain 
within  the  pipe  body  wall.  A damaged  or  unnatural  area  of  the  pipe 
affects  the  flow  of  the  lines  of  flux,  causes  the  flow  to  "bridge" 
across  this  area  and  creates  a magnetic  disturbance  or  flux  leakage. 
This  flux  leakage  is  proportional  to  the  size  and  depth  of  the 
damaged  area. 

One  of  the  most  widely  used  magnetic  flux  inspection  pigs  is 
the  AMF  Tuboscope  Linalog.  The  instrumented  pig  uses  electromagnets 
to  induce  the  magnetic  field,  and  it  is  sent  through  the  pipelines, 
typically  at  a few  miles  per  hour,  propelled  by  oil  or  water  flowing 
through  the  pipeline.  This  device  is  expected  to  be  operable  in 
salt  water  in  1979.  A similar  device,  VETCOLOG  PIG,  is  manufact- 

ured by  VETCO  Pipeline  Services.  This  inspection  pig  uses  permanent 
rather  than  electromagnets  and  can  be  used  in  oil,  water 
and  salt  water.  A magnetic  tape  recorder  is  installed  in  both  in- 
spection pigs  and  is  used  to  store  the  electromagnetic  data.  Data 
tapes  are  then  reduced  and  analyzed  after  the  pigs  are  run  through 
the  pipeline. 

Capability 

Magnetic  flux  inspection  pigs  are  the  most  widely  used  type  of 
inspection  pigs.  The  most  important  capability  of  the  devices  is 
that  it  can  be  used  to  measure  the  severity  of  corrosion.  It  can 
also  be  used  to  inspect  for  a variety  of  pipelines  defects,  including 
hardspots,  manufacturing  defects  and  flaws,  girth  welds,  gouges, 
pits,  etc.,  and  can  be  used  to  help  evaluate  the  effectiveness  of  the 
cathodic  protection  system. 

Sensitivity 

the  sensitivity  of  the  magnetic  flux  inspection  pig  is  quite  good 
for  corrosion  or  pitting.  Typically,  it  is  graded  in  three  ranges  of 
corrosion  severity:  15-30%  of  nominal  wall;  30-50%  of  nominal  wall; 
greater  than  50%  of  nominal  wall.  Defects  as  small  as  1/8-inch  are 
claimed  as  detectable  by  the  manufacturers. 

Manufacturer  and  Costs 

the  manufacturers  of  these  magnetic  flux  inspection  piqs  are 
AMF  Tuboscope,  Inc.  and  VETCO  Pipeline  Services.  These  devices  are 
usually  provided  as  an  inspection  service  that  includes  inspection 
pig,  operating  personnel  and  data  analysis.  A typical  cost  for  in- 
spection of  20  miles  of  36"  pipeline  is  about  $20,000.  A similar  type 
of  inspection  pig  is  currently  under  development  in  Canada. 
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Advantages 

Advantages  Include  the  following: 

(1)  High  reliability 

(2)  Locates  defects 

(3)  Permanent  record 

(4)  Monitors  Integrity  of  line 

(5)  Locates  potential  failures  before  they  reach  catastrophic 
failure 

(6)  Helps  evaluate  effectiveness  of  cathodic  protection 

(7)  Commercially  available 

Disadvantages 

These  pigs,  for  large-diameter  pipelines  (I.e.,  54  Inches  ID), 
have  a high  cost  for  periodic  Inspections  which  are  usually  carried 
out  once  or  twice  a year.  Data  records  are  difficult  to  Interpret 
and  require  human  Interpretation.  The  electromagnetic  type  cannot 
determine  If  a defect  Is  In  the  Inside  or  outside  of  a pipe.  The 
permanent  magnet  type  can  get  stuck  In  a pipeline  and  Is  difficult 
to  remove  without  cutting  out  a section  of  the  pipeline.  The 
devices  do  not  adequately  detect  thin  cracks.  It  Is  also  possible 
to  have  anomalies  that  are  difficult  to  Interpret.  For  example, 
a weld  that  penetrates  Into  pipe  may  result  In  cavitation  downstream 
causing  corrosion  and  erosion.  The  girth  weld  would  be  picked  up 
but  the  adjacent  anomalies  might  not  show  up  because  only  one 
pulse  from  the  device  In  that  area  may  be  monitored. 
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Hydrostatic  - Pressure  Drop  (Pressure  Difference  or 
Pressure  Level ) 


Principle  of  Operation 

The  pressure  drop  method  of  inspection  uses  pressure  difference 
gages  that  are  installed  across  a series  of  block  valves  that  isolate 
sections  of  an  empty  pipeline  or  hose  string.  The  empty  sections 
are  then  pressurized,  typically  to  225  psi  for  hoses  and  600  psi  for 
pipelines.  Pressure  difference  gages  will  indicate  if  a leak  exists 
after  a suitable  period  of  time.  Actual  stabilization  time  depends 
upon  the  required  tightness  (leak  rate  allowedl  of  the  system  and 
temperature  effects.  Usually,  a derivative  3^  is  used  to  show  the 
deviation  of  differential  pressure  as  a function  of  time  in  order  to 
simplify  conclusions  of  leakage.  Numerous  types  of  pressure  difference 
gages  are  commercially  available  for  this  measurement.  Since  pressure 
drops  as  a line  cools,  effects  of  temperature  must  be  taken  into 
account. 

Variations  of  this  inspection  method  can  be  made.  One  variation 
is  to  pressurize  the  DWP  transfer  line  with  gases  such  as  helium  to 
detect  leaky  areas  with  helium  leak  detectors.  Passive  ultrasonic 
detectors  (B.5.1)  and  the  passive  acoustic  array  (B.8.1)  can  also  be 
used  to  detect  escaping  gas.  In  another  variation,  the  line  could  be 
pressurized  and  sections  of  the  line  closed  off.  Then  the  static 
pressure  of  each  section  could  be  accurately  measured.  This  method 
can,  to  some  extent,  give  incipient  fault  detection.  At  proof 
pressures  slightly  above  normal  operating  pressures  leaks  may  occur 
which  would  not  normally  occur  and  be  detected  until  some  later 
time  at  normal  operating  pressures. 

Capability 

This  inspection  method  can  be  used  for  inspection  of  most  of  the 
major  components  of  the  OTS  such  as  the  pipeline,  hose  string,  PLEM 
and  SPM.  The  method  is  generally  used  for  pipelines  every  two  to 
five  years  in  the  United  States.  Pressure  tests,  however,  are  required 
by  regulations  as  often  as  monthly  in  some  European  countries.  Well 
maintained  DWP’s  commonly  use  this  inspection  method  from  the  hose 
string  end  to  land  on  a weekly  basis  or  before  each  ship  visit  when 
the  DWP  is  used  infrequently. 

Advantages 

This  inspection  method  is  simple,  provides  good  incipient  failure 
detection  and  is  a widely  used  inspection  technique.  It  is  a low 
cost  inspection  when  the  system  can  be  shut  down  without  causing  down- 
time as  in  the  case  for  the  hypothetical  DWP  described  in  this  study. 

Disadvantages 

Some  of  the  main  disadvantages  of  this  inspection  method  are: 
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(1)  Requires  out-of-service  inspection 

(2)  Potentially  can  cause  damage  to  OTS  components  if 
test  pressure  is  excessive 

(3)  Requires  leak  detection  method  to  locate  leak 

(4)  Downtime  required  because  of  time  for  temperature 
stabilization  can  be  of  long  duration  (24  to  72  hours) 
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B.3.4  Reflected  Pressure  Wave 

Principle  of  Operation 

This  inspection  method,  developed  by  Shell  Pipeline  Research,  uses 
sensors  that  detect  a crack.  The  method  requires  that  a hose  section 
or  pipeline  section  be  first  blocked  off,  filled  with  nitrogen  and 
then  pulsed  with  a pressure  wave.  The  pressure  wave  reflects  from 
the  crack  before  it  reflects  from  the  end  of  the  pipeline  or  hose. 

The  crack  location  is  determined  by  comparison  of  wave  reflection 
times. 

Capability 

The  method  requires  relatively  smooth  internal  surfaces  and  can 
be  used  for  inspection  of  the  OTS  pipeline.  This  inspection  method 
is  questionable  for  inspection  of  the  OTS  hose  string  because  the 
hose/flange  and  flange/flange  interfaces  may  appear  as  cracks,  and  it 
would  be  difficult  to  discriminate  between  a crack  or  cut  in  the  inner 
lining  of  the  hose  string  and  these  interfaces. 

Sensitivity 

Experimental  test  results  by  Shell  Pipeline  Research  personnel 
indicate  that  the  minimum  noticable  opening  in  a 12-inch  line  is 
about  an  inch. 

Advantages 

This  inspection  method  does  provide  some  incipient  failure  de- 
tection because  cracks  can  be  detected  before  they  increase  to  a "hole 
through  condition"  and  actually  leak.  Also  the  method  is  simple  to 
carry  out  and  is  of  low  cost. 

Disadvantages  ' 

Some  of  the  main  disadvantages  and  limitations  of  the  reflected 
pressure  wave  inspection  method  are  as  follows: 

(1)  Requires  out-of-service  inspection 

(2)  Sensitive  to  internal  surface  roughness 

(3)  Experimental  technique  - not  commercially  available 

(4)  Currently  has  only  been  tested  on  small  diameter 
pi pel ines 

(5)  Questionable  for  effective  inspection  for  defects  in 

hose  string 
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Vacuum  (With  TV  Inspection  Pig) 

Principle  of  Operation 

This  inspection  method  requires  that  a TV  inspection  camera  pig 
be  pulled  or  pushed  through  the  hose  string  while  it  is  emptied  of 
oil  and  evacuated.  The  TV  camera  can  be  used  for  visual  inspection 
of  the  inside  of  the  hose  string.  Remote  TV  monitors  and  Videotaped 
data  can  be  used  by  the  inspectors  to  monitor  the  inspection  and  for 
permanent  records.  Evacuation  of  the  hose  allows  for  inspection  of 
internal  hose  string  damage  that. may  not  be  visible  at  ambient  pressure. 

Capability 

The  vacuum  (with  TV  inspection  pig)  method  is  capable  of 
inspecting  the  interior  of  a hose  string  for  defects  such  as  blisters, 
bulges,  separation  of  tube  from  carcass,  tears,  cuts  and  gouges. 

Sensitivity 

The  sensitivity  is  similar  to  visual  out-of-service  inspection. 
However,  effects  of  hose  bending  at  the  time  of  inspection  are  uncertain 

Manufacturer  and  Cost 

TV  inspection  pig  services  are  available  from  ABC  Services  and  a 
few  other  companies.  A major  cost  item  for  this  inspection  method  is 
that  of  designing  and  building  a system  that  can  pull  the  camera 
through  the  hose  string  without  damaging  the  hose  and  while  maintaining 
a reasonably  good  vacuum  (at  least  15  inches  of  mercury).  Estimated 
inspection  costs  for  this  inspection  method  are  given  in  Table  4-2. 

Advantages 

The  main  advantages  of  this  inspection  method  are  that  it  is 
simple,  low  cost  and  potentially  provides  good  incipient  failure 
detection  of  internal  hose  damage  which  currently  cannot  be  obtained 
by  means  other  than  onshore  inspection. 

Disadvantages 

Two  main  disadvantages  exist  for  this  inspection  method.  First, 
there  is  potential  difficulty  in  interpreting  data  because  of  hose 
bending  effects  at  the  time  of  inspection.  Secondly,  the  inspection 
method  is  difficult  to  implement. 
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B.3.6  External  Hydrostatic 

Principle  of  Operation 

External  hydrostatic  inspection  is  carried  out  by  using  a port- 
able inspection  device  that  fits  over  and  seals  a small  section  of 
pipe  that  is  to  be  inspected.  An  internal  pressure  is  applied  to  this 
sealed  area  and  monitored.  If  an  internal  leak  exists  in  the  in- 
spected component,  a pressure  decrease  will  occur  and  the  leak  de- 
tected. Inspections  can  be  made  quickly  and  the  inspection  device 
can  be  easily  moved  along  exposed  piping  or  pipelines.  Relatively 
low  pressures  (less  than  50  psi).are  required  for  this  inspection. 

Capability 

This  inspection  can  currently  be  applied  to  above-water  OTS  com- 
ponents such  as  pipelines  and  piping  for  inspection  of  defects  in 
threaded  or  welded  connections.  This  inspection  method  potentially 
can  be  developed  for  underwater  use  for  inspecting  OTS  components 
such  as  piping  and  chambers.  The  inspection  method  potentially  can 
be  developed  for  inspection  of  OTS  components  such  as  leaking 
flanged  connections  or  leaks  at  the  hose/nipple  interface. 

Sensitivity 

The  inspection  method  is  more  sensitive  than  hydrostatic  test- 
ing because  the  inspection  device  can  be  applied  directly  to  small 
sections  of  the  pipeline. 

Manufacturer  and  Costs 

This  inspection  device  (and/or  service)  is  low  cost  and  is 
available  from  World  Wide  Oil  Tool,  Inc. 

Advantages 

Some  of  the  main  advantages  of  this  inspection  method  are  as 
follows: 

(1)  Low  cost  (if  pipeline  accessible) 

(2)  Simple 

(3)  Potentially  can  be  applied  to  hose  flanges  and 
underwater  piping 

(4)  Good  incipient  failure  detection 

(5)  Quick  test  time 

(6)  Conmercially  available 

(7)  More  sensitive  than  hydrostatic  testing 


Disadvantages 

The  main  disadvantage  of  this  inspection  method  is  that  it  must 
be  applied  externally  to  OTS  components  and  thus  cannot  be  used  on 
buried  or  covered  components.  Also  can  be  used  only  for  a small  area. 


B.3.7  Acoustic  Resonance 

Principle  of  Operation 

This  inspection  method  locates  cracks  in  the  wails  of  gas-filled 
pipelines  by  using  the  "organ  pipe"  resonances  of  the  gas  column  in 
the  pipeline  to  measure  the  distance  from  the  pipe  input  to  a crack 
in  the  pipeline  wall.  A variable  frequency  sound  generator  and 
acoustic  detector  are  located  at  the  pipe  input.  Sounds  at  up  to 
ten  pipeline  resonance  frequencies  are  transmitted  in  the  gas-filled 
pipeline.  Resultant  variations  of  sound  levels  are  measured  by  the 
acoustic  microphone  and  processed  as  a function  of  frequency.  A 
crack  can  be  located  using 

m ’ 

where  L = distance  from  the  sound  source  to  the  crack, 
c = velocity  of  sound  in  a gas, 

Af  = is  the  average  frequency  spacing  between  overtones. 
Capability 

This  method  is  capable  of  inspecting  the  integrity  of  OTS  pipe- 
line and  piping  and  particularly  useful  in  inspecting  inaccessible 
areas  such  as  the  SPM  undersea  pipeline.  The  pipeline  must  be  out- 
of-service  during  the  Inspection  and  ideally  should  be  cleaned  with  a 
cleaning  pig  prior  to  a test.  Acoustic  resonance  inspection  has  been 
successfully  used  in  nuclear  reactors  to  inspect  the  integrity  of 
inaccessible  guS  lines. 

Sensitivity 

The  sensitivity  of  this  inspection  method  depends  upon  the 
pipeline  radius  and  wall  thickness  and  the  wave  length  of  sound  in 
the  pipeline.  The  sensitivity  (minimum  size  hole  radius  detectable) 
can  be  estimated  by 

"r  (min)  * “'  * 

where  * minimum  detectable  hole  radius, 

R = pipeline  radius, 

R'  = 1.7  r2/x, 

A = wave  length  of  sound  in  the  gas  column, 

d = pipeline  wall  thickness. 


Manufacturer  and  Cost 

This  inspection  method  was  developed  by  Risley  Engineering  and 
Materials  Laboratory  in  Great  Britain.  The  equipment  costs  for  the 
acoustic  microphone,  sound  generator  and  auxiliary  equipment  is 
typically  less  than  $10,000. 

Advantages 

Some  of  the  main  advantages  of  this  inspection  method  are: 


B.3.7  (Continued) 

(1)  Simple  to  implement 

(2)  Low  cost  , ,,  . 

(3)  Good  incipient  failure  detection  for  pipeline  and  piping 

(4)  Particularly  useful  in  inaccessible  areas 
Disadvantages 

The  main  difficulties  are  that  out-of-service  inspection  is 
required,  trained  personnel  must  operate  equipment  and  the  method 
can  only  be  used  for  OTS  pipelines  and  piping. 
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B.4 


CORROSION 


Inspection  tnethods  included  in  this  section  are  used  specifically 
for  corrosion  inspection.  Other  inspections,  such  as  those  described 
in  Sections  B.3,  B.5  and  B.9  and  briefly  summarized  in  Table  3-1, 
can  also  be  applied  for  some  types  of  corrosion  inspection.  For 
example,  inspection  of  pipeline  walls  for  thinning  caused  by 
corrosion  can  be  accomplished  by  using  various  types  of  inspection 
methods  such  as  inspection  pigs,  active  ultrasonics.  X-ray,  etc. 
Corrosion  Inspection  methods  described  in  the  following  subsections 
include  flow  sampling,  corrosion  metering  (internal  and  external) 
and  typical  manufacturer  inspections. 


B.4.1  Corrosion  Flow  Sampling 
Principle  of  Operation 

Inspection  of  pipeline  corrosion  by  monitoring  flow  can  be 
carried  out  by  performing  the  following  inspections: 

(1)  Corrosion  rate  coupon  inspection 

(2)  Laboratory  analysis  of  contents  of  flow 

(3)  Monitoring  of  strainer  contents,  pig  traps  returns, 
scrubber  or  separator,  etc. 

Corrosion  rate  coupons  are  usually  weighed  and  then  installed 
at  the  inlet  and  outlet  of  the  pipeline.  After  a period  of  time,  the 
coupons  are  removed,  weighed  and  examined  for  corrosion.  Corrosion 
rate  is  then  given  a quantitative  valve  by  calculating  the  difference 
in  weight  over  the  inspection  interval. 

Laboratory  analysis  of  flow  is  accomplished  by  analyzing  the 
contents  of  samples  (at  inlet  and  outlet  of  pipelines)  flow  of  the 
following: 

(1)  Iron  content  (indicates  actual  corrosion) 

(2)  Oxygen  (significant  component  of  corrosion  process) 

(3)  Inhibitor  (residual  inhibitor  correlated  with  injected 
inhibitor) 

(4)  Sediment  (calcium,  iron,  magnesium,  sulphides) 

(5)  Miscellaneous 

Capability 

Both  corrosion  rate  coupons  and  laboratory  analysis  data  are 
used  primarily  as  trend  indicators  of  the  condition  of  the  pipeline. 
This  is  also  reason  for  examination  of  pig  trap  and  strainer  contents. 
In  these  inspections,  however,  miscellaneous  internal  damage  to  the 
pipeline,  hose  string  and  other  OTS  components  can  be  detected  by 
inspection  of  particles  that  break-off  and  are  carried  to  the  pumping 
platform  or  onshore. 

Sensitivity 

This  inspection  method  can  be  used  to  accurately  measure 
corrosion  rate.  However,  this  is  a relative  value  and  can  only  be 
used  as  a trend  indicator  of  corrosion.  In  some  instances,  the 
inspection  can  be  used  to  detect  the  existence  of  major  corrosion. 

Costs 

Equipment  required  for  these  inspections  is  low  cost 
(typically  less  than  $5,000)  and  is  commercially  available  from  a 
number  of  companies.  Inspections  are  of  short  duration  and  are 
generally  carried  out  on  a periodic  schedule  that  typically  range 
from  weekly  to  monthly  inspections. 
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B.4.1  (Continued) 


Advantages 

Sorne-Qf  the  main  advantages  of  this  inspection  method  are: 

(1)  Provides  some  incipient  fail'/^e  detection 

(2)  Widely  used 

(3)  Los  cost 

(4)  All  required  instruments  are  commercially  available 
Disadvantages 

The  main  disadvantage  of  this  inspection  method  is  that  it  is 
a general  trend  indicator  and  it  is  difficult  to  determine  the 
amount  of  corrosion,  quantitatively.  Also,  the  method  cannot  be 
used  to  locate  the  site  of  the  corrosion. 


I 

B. 4. 2(a)  Corrosion  Metering  (Internal)  - Corrosion  Rate  Probe 

Principle  of  Operation 

Inspection  tor  corrosion  rate  can  be  accomplished  by  using  a 
corrosion  rate  probe  that  is  installed  inside  and  at  the  top  of  the 
pipeline.  The  sensing  element  of  the  probe  is  left  exposed  to  the  flow. 
Corrosion  causes  the  sensing,  to  deteriorate  and  results  in  a change  in 
electrical  resistance.  The  formula  for  corrosion  rate  is  known,  thus 
the  measured  corrosion  rate  can  be  obtained. 

Capability 

The  measured  corrosion  rate  is  used  primarily  as  a trend 
indicator  of  the  condition  of  the  pipeline. 


Sensitivity 

This  inspection  method  can  be  used  to  accurately  measure 
corrosion  rate.  However,  this  rate  is  a relative  value  and  can  only 
be  used  as  a trend  indicator  of  corrosion.  In  some  instances,  this 
inspection  can  be  used  to  indicate  the  existence  of  major  corrosion. 

Manufacturpr  and  Cost 

Equipment  required  for  this  inspection  is  of  low  cost 
(typically  less  than  $3,000)  and  is  commercially  available  from  a 
number  of  manufacturers. 

Advantages 

Some  of  the  main  advantaaes  of  this  inspection  method  are: 

(1)  Simple  to  implement  and  monitor  data 

(2)  Provides  some  incipient  failure  detection 

(3)  Cottinercial ly  available 

(4)  Low  cost 

Disadvantages 

Some  of  the  main  disadvantages  and  limitations  of  this 
inspection  method  are: 

(1)  Trend  indicator  - difficult  to  obtain  a useful 
quantitative  value  of  the  amount  of  corrosion 

(2)  Cannot  be  used  to  locate  corrosion 

(3)  Probe  replacement 


i 
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B. 4. 2(b)  Corrosion  Metering  (External) 

Principle  of  Operation 

External  inspectfon  for  corrosion  can  be  accomplished  using 
corrosion  meters.  These  meters  usually  are  potential  measuring  devices. 

For  underwater  measurements,  these  meters  typically  consist  of  a hand- 
held probe  connected  to  a voltmeter  on  deck.  The  probe  typically 
contains  a reference  cell  (silver-zinc,  silver-silver  chloride,  copper 
sulfate)  connected  to  a wire  in  the  device's  umbilical.  Readings  are 
taken  with  the  probe  held  against  exposed  steel  on  the  structure. 

Platform  or  piping  to  water  readings  are  usually  taken  from  permanent 
reference  locations.  These  locations  are  usually  determined  from 
platform  or  pipeline  potential  profiles.  Similarly,  structure-to-earth 
DC  potentials  of  underground  pipeline,  valves,  etc.  are  also 
measured  and  recorded. 

Potential  profiles  of  OTS  components  should  be  computerized 
so  that  the  OTS  components  can  be  adequately  defined  and  suitable  anode 
protection  be  added  when  needed.  Inspections  typically  range  from 
monthly  to  yearly  depending  on  the  particular  component. 

Capability 

Inspections  of  corrosion  using  potential  measuring  devices 
provide  adequate  electrical  measurement  of  the  condition  of  the  cathodic 
protection  systems  of  all  OTS  components  (pipelines,  pumping  platform, 

SPM,  etc.). 

Manufacturer  and  Costs 

Potential  measurement  devices  are  commercially  available  from 
companies  such  as  Bathycorrometer  and  Electronic  Systems  Design,  Inc. 

These  devices  are  low  cost  (typically  less  than  $1,000). 

Advantages 

Some  of  the  advantages  of  this  inspection  method  are: 

(1)  Simple 

(2)  Low  cost 

(3)  Widely  used 

(4)  Good  incipient  failure  detection 

(5)  Commercially  available 

Disadvantages 

One  disadvantage  of  this  inspection  method  is  that  costly 
diver  inspections  are  required  for  underwater  OTS  components.  Also, 
there  are  no  existing  methods  to  reliably  measure  pipeline  potential 
more  than  5 miles  offshore  and  in  over  200  feet  in  depth.  In  deep  water  i 

there  is  no  practical  way  to  obtain  meaningful  readings  at  mid  points. 
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B.4.3 


Holiday  "‘?tector 

Principle  of  Operation  . , . ^ . 

inis  is  a portable  hand-held  inspection  device  that  is  usee 

to  inspect  the  coating  of  sections  of  an  exposed  pipeline.  The  device 
places  an  electric  potential  between  the  pipe  and  an  electrode  that  is 
in  concact  with  the  outside  coating  of  pipe.  The  electrode  typically 
is  a coiled  spring  wrapped  around  the  pipe.  The  electric  potential 
is  set  high  enough  so  that  an  arc  in  air  is  produced  when  the  thickness 
of  pipeline  coating  is  not  satisfactory. 

Capability  . ^ ^ 

The  main  capability  of  this  device  is  to  inspect  the  integrity 
of  exposed  pipeline  coatings.  Defects  such  as  thin  coatings, 
coating  discontinuities,  and  surface  defects  can  be  detected. 


Sensitivity 

This  device  detects  pinhole  defects  of  microscopic  size. 

Manufacturer  and  Cost  . . ^ ^ 

This  inspection  device  is  commercially  available  from 

Holiday  Co. 

Advantages 

Some  of  the  main  advantages  of  this  inspection  method  are: 
(1)  Simple 

(21  Some  incipient  failure  detection 
{3j  Commercially  available 

(4)  Low  cost 

(5)  Indicates  if  coating  is  less  than  ideal 
Disadvantages 

This  method  requires  that  the  pipeline  be  uncovered  and 
easily  accessible. 
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Principle  of  Operation 

Inspections  of  the  cathodic  protection  system  should  be 
carried  out  using  manufacturer  recommendations  and  schedule. 
Inspections  typically  recommended  by  manufacturers  of  the  cathodic 
protection  systems  include:' 

(1)  Impressed  current  systems  should  be  checked  daily  for 
the  proper  voltage  and  amperage.  If  possible,  the 
systems  should  be  continuously  monitored  and  properly 
alarmed  in  the  event  they  are  not  operating, 
properly. 

(2)  Pumping  platform  to  water  potential  readings  at 
permanent  reference  points  should  be  made  at  frequent 
intervals . 

(3)  Cathodic  protection  system  of  pipeline,  SPM  and  other 
OTS  components 

a.  Check  condition  of  system 

b.  Frequent  potential  readings 

c.  Exact  count  and  estimation  of  anode  wastage 

d.  Check  anode  condition 

• size  and  depth  of  pits  and  cracks 

• security  of  anodes  to  mountings 

• external  damage 

- chipping 

- holes 

e.  Check  insulating  flanges 

f.  Remove  excess  marine  growth 
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NON-DESTRUCTIVE  TESTING  (NOT) 


A wide  variety  of  non-destructive  inspection  methods,  which  are 
widely  used  and  commercially  available,  can  be  applied  for  inspection 
of  OTS  components.  Inspection  methods  which  are  both  effective  and 
have  application  to  a large  number  of  OTS  components  are  described 
in  the  subsections  that  follow.  Because  of  the  importance  of  the  use 
of  underwater  inspections  in  minimizing  oil  spill  risks,  effective 
underwater  inspection  methods  are  also  included  even  though  they  may 
not  be  applicable  for  a large  number  of  OTS  components  or  for  above 
water  inspections.  Other  NOT  methods  with  limited  application  to 
OTS  components  are  identified  in  Section  B.4.4.  NOT  methods  and 
procedures  for  onshore  inspection  of  deepwater  port  hoses  are  described 
in  detail  in  References  48  and  51  and  will  not  be  repeated  here. 

Special  types  of  NDT  methods  that  are  not  commonly  used  but  are 
particularly  effective  for  critical  (high  oil  spill  risk)  OTS  components 
are  included  in  Section  B.8. 
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Passive  Ultrasonics 


Principle  of  Operation 

me  passive  ultrasonic  inspection  method  uses  any  one  of  a wide 
range  of  portable  passive  detectors  to  convert  the  sonic  and 
ultrasonic  energy  created  by  a leaking  OTS  component  into  an  electrical 
signal.  Leak  location  is  determined  by  processing  the  electrical 
signal  at  various  locations  along  the  OTS  component.  Suitable 
detector  signal  conditioning  and  processing  is  used.  Signal 
enhancement  techniques  are  used  to  eliminate  the  background  noise  of 
fluid  flow,  machinery,  etc. 

Capability 

Passive  ultrasonic  inspection  can  be  used  to  inspect  for 
leaks  in  a wide  variety  of  OTS  components  including  pipelines,  hoses, 
valves,  etc.  The  method  can  be  used  for  both  on-land  and  underwater 
inspections.  Diver  hand-held  probes  or  detectors  in  a towed  fish 
(pulled  through  the  water  a few  feet  above  the  inspected  component) 
can  be  used  for  underwater  inspections. 

Sensitivity 

The  sensitivity  of  this  method  is  difficult  to  quantify  with 
a specific  value.  This  is  because  the  sensitivity  depends  on  the 
particular  OTS  component  and  a number  of  factors  such  as  pressure, 
flow  rate,  temperature,  etc.  Minor  leaks,  for  example,  in  a hurried 
pipeline  can  be  detected  at  distances  up  to  100  meters. 

Manufacturer  and  Cost 

Passive  ultrasonic  inspection  equipment  and  services  are 
available  from  a number  of  companies.  For  example,  detectors  for 
on-land  inspection  of  pipelines  are  available  from  TDW  Pipeline 
Surveys  and  Magnaflux  Corporation.  Leak  detector  instruments  typically 
cost  less  than  $1,000.  Underwater  inspection  services  are  less  than 
$600  a day. 

Advantages 

Some  of  the  main  advantages  of  this  inspection  method  are  the 
following: 

(1 ) Low  cost 

(2)  Simple 

(3)  Commercially  available  for  above  water  or  underwater 
use 

(4)  Some  incipient  failure  detection 

(5)  Provide  leak  location 

(6)  Supplements  other  inspection  methods 


B.5.1  (Continued) 

Disadvantages 

(T)  Must  be  very  close  to  leak  source  if  it  cannot 
be  attached  to  leaking  structure 

(2)  Leak  location  only 

(3)  Cannot  be  used  to  adequately  determine  severity 
of  leak 
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Active  Ultrasonics 


Principle  of  Operation 

In  the  active  ultrasonics  inspection  method  (sometimes  called  pulse 
echo  method),  a transmitter-receiver  transducer  is  mounted  on  an 
external  surface  of  a DWP  component.  The  transducer  sends  ultrasonic 
wave  pulses  through  or  along  the  DWP  component  walls,  and  then  detects 
distorted  waves  and  reflection  times  of  waves  returned  from  defects 
(crack,  flaw).  Suitable  transducer  signal,  conditioning  and  processing 
are  used  to  convert  the  reflection  times  and  the  amplitudes  of  the 
reflected  pulses  into  quantitative  inspection  records  of  flow 
dimensions  and  location. 

Capability 

Active  ultrasonic  inspection  is  one  of  the  most  widely  used  and 
most  effective  NDT  inspection  methods.  It  can  be  used  for  almost 
all  DWP  components  and  can  be  carried  out  during  normal  operations. 

The  method  can  be  applied  to  both  on-land  and  underwater  inspections. 

This  inspection  method  can  be  used  to  detect  internal  defects  and 
variation  in  material,  and  it  can  also  be  used  to  measure  wall  thickness. 
Wall  thickness  measurements  are  extremely  important  because  pipeline 
walls  erode,  «nd  leaks  can  occur  when  they  become  too  thin.  Active 
ultrasonic  provides  excellent  incipient  fault  detection  because  it 
can  be  used  to  detect  faults  before  leaks  occur. 

Sensitivity 

The  sensitivity  of  this  inspection  is  better  than  other  comparable 
NDT  methods  for  detection  of  internal  defects.  For  example,  internal 
defects  that  are  lOmmLxl  irmWxO.SmmH  can  be  detected  at 
distances  up  to  2 meters  away.  Also,  thickness  variations  of  less 
than  1%  can  be  detected  easily. 

Manufacturer  and  Cost  ^ 

Active  ultrasonic  inspection  equipment  and  services  for  both 
above  water  and  underwater  inspections  are  available  from  numerous 
companies.  Cost  generally  is  quite  low  compared,  for  example,  with 
X-ray  inspection.  Equipment  costs  start  at  less  than  $1,000  but 
can  vary  greatly  depending  upon  sensitivity,  type  of  automation, 
etc. 
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Advantages 

Some  of  the  main  advantages  of  active  ultrasonic  inspections 

are: 

(1)  Low  cost 

(2)  Widely  used  inspection  method 

(3)  Excellent  incipient  failure  detection 

(4)  Works  well  underwater 

(5)  Can  be  used  for  most  materials 

(6)  Commercially  available 

Disadvantages 

The  main  disadvantage  of  this  method  is  the  difficulty  in  providing 
a test  report  of  internal  defects  because  of  interpretation 
difficulty. 
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B.5.3  X-Ray 
Principle  of  Operation 

X-ray  inspection  is  a radiographic  method  that  uses  X-rays  (5 
to  0.0004  A wave  length)  to  penetrate  through  a material.  Intensity 
of  penetration  is  modified  by  passage  through  material  and  material 
defects.  The  contrast  in  the  developed  film  between  the  image  of  an 
area  containing  a crack  or  flaw  and  the  image  of  a defect-free  area 
of  the  inspected  part  allows  the  inspector  to  distinguish  a flaw. 

X-rays  are  invisible  electromagnetic  radiation  that  can  penetrate  matter 
be  differentially  absorbed,  travel  in  straight  lines,  produce  photo- 
chemical effects  in  photographic  emulsions  and  cause  some  substances 
to  fluoresce.  X-rays  are  produced  when  high  speed  electrons  strike  a 
metal  target  and  a transfer  of  energy  occurs. 

Capabil ity 

X-ray  inspection  is  one  of  the  most  widely  used  inspection  methods 
for  above  water  inspections.  It  has  a wide  range  of  applicability 
because  X-rays  can  penetrate  through  almost  any  material  and  defects 
can  be  observed.  It  can  be  used  for  almost  every  DWP  component. 

Defects  can  be  detected  at  any  depth  into  the  material  of  DWP 
components.  This  inspection  method  is  generally  not  used  in  under- 
water applications  primarily  because  of  the  difficulties  in  using 
large  source  sizes  and  high  voltages  underwater.  If  used  underwater, 
a captivated  system  is  usually  required  because  of  the  high 
absorbancy  of  X-rays  by  water. 

Sensitivity 

The  sensitivity  of  the  method  is  very  good  when  compared  with 
almost  any  other  inspection  method  for  detection  of  internal  defects. 
Variations,  however,  are  difficult  to  detect. 

Manufacturer  and  Cost 

X-ray  inspection  equipment  and  services  for  above  water  use 
are  available  from  numerous  companies.  X-ray  inspection  equipment 
costs  vary  widely  depending  upon  component  testing.  Costs  start 
at  a few  thousand  dollars.  X-ray  systems,  however,  can  become  very 
expensive  depending  upon  requirements  such  as  the  size  and  material 
of  the  OTS  component,  type  of  automation,  etc. 

Advantages 

Some  of  the  main  advantages  of  X-ray  inspections  are: 

(1)  Can  be  used  for  almost  any  material 

(2)  X-ray  records  are  easy  to  interpret 

(3)  High  reliability 

(4)  Commercially  available 

(5)  Excellent  incipient  failure  detection 
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Disadvantages 

Some  of  the  mam  disadvantages  and  limitations  of  X-ray  inspection 
are  as  follows: 

(1)  Higher  cost  than  most  other  non-destructive  inspections 

(2)  Seldom  used  underwater  because  of  the  difficulties  in 
working  with  high  x-ray  voltages  and  the  high  absorbancy 
of  water 

(3)  Radiation  safety  measures  are  required 

(4)  Difficulty  in  detection  of  thin  cracks  in  material 

(5)  Cumbersome  equipment 
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Radioactive  Isotopes.  Gamma  Ray 
Principle  of  Operation 

Gattma-ray  inspection  is  another  radiographic  method  that  uses  a 
radioactive  source  (0.1  to  0.005  A wave  length)  to  penetrate  through  a 
material.  The  method  operation  is  essentially  the  same  as  X-ray  inspec- 
tion except  that  gamma  rays  are  emitted  during  the  disintegration  of 
radioactive  source  material. 

Operation  underwater  is  carried  out  using  a captivated  system 
because  water  is  opaque  to  Gamma -rays.  The  water  is  removed  in  a 
void  area  using  a fixture  such  as  an  evacuated  plexiglass  chamber 
attached  to  the  inspected  component.  The  X-ray  film  is  placed  in  a 
water-tight  jacket  on  the  backside  of  the  inspected  component.  A 
radioisotope  such  as  Iridium  192  is  used  as  the  source  and  placed 
on  the  other  side  or  inside  the  structure  to  be  inspected.  The  inside 
of  the  structure  such  as  a hose  or  pipeline  must  be  empty.  The  main 
objective  of  the  captivated  system  is  to  remove  the  water  so  that  the 
problem  of  penetration  of  Gamma-rays  through  water  is  eliminated. 


Capabil ity 

Gamna-ray  inspection  is  widely  used  for  above  water  inspections 
particularly  when  a large  range  of  component  thickness  must  be 
inspected.  It  can  be  used  for  detection  of  internal  defects  in  almost 
every  DWP  component.  Defects  such  as  voids,  cracks,  etc.  can  be 
detected  that  are  located  at  any  depth  in  the  material.  A major 
capability  of  this  inspection  method  is  that  it  can  also  be  used  for 
underwater  inspection. 

Sensitivity 

The  sensitivity  of  flaw  detection  gamma-ray  inspection  is  not 
good  as  X-ray  because  of  inherent  lower  image  contrast.  Gamma-rays, 
however,  do  allow  a larger  range  of  metal  thickness  to  be  recorded. 

The  source  must  typically  be  within  + 7°  of  defect. 

Manufacturer  and  Cost 

Gamma-ray  inspection  equipment  or  inspection  services  for  above 
water  use  are  available  from  numerous  companies.  Inspection 
equipment  costs  are  similar  to  X-ray  costs  and  vary  a great  deal 
depending  upon  the  component  tested  and  system  automation  require- 
ments. In-place  inspection  costs  are  quite  high  when  compared  to 
other  non-destructive  inspection  methods. 
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Underwater  inspection  services  are  available  from  Magnaflux  Corp. 
and  a few  other  companies.  Rental  of  Gamma  X-ray  equipment  and  the 
use  of  an  inspection  technician  costs  about  $3C0  a day. 

Advantages 

Gamma -ray  inspection  has  essentially  the  same  inspection 
advantages  as  X-ray.  However,  there  are  a few  advantages  over  X-ray 
inspection.  The  main  advantage  for  DWP  use  is  that  this  method  can 
be  easily  adapted  for  underwater  inspection  because  of  the  small  source 
size  and  the  fact  that  no  external  voltage  for  the  radioactive  source 
is  required.  Another  advantage  is  that  the  equipment  is  much  smaller 
than  X-ray  equipment  and  allows  inspection  at  component  locations  that 
are  difficult  to  inspect  with  the  larger  X-ray  sources. 


Disadvantages 

Gamma-ray  disadvantages  are  similar  to  X-ray  inspection.  In 
addition,  the  inspections  are  somewhat  slower  and  of  lower  radio- 
graphic  quality. 


B.5.5  Magnetic  Particle 
Principle  of  Operation 

Magnetic  particle  method  consists  of  magnetizing  the  material 
to  be  inspected  and  application  of  magnetic  particles  or  powder  that 
can  either  be  dry  or  suspended  in  a liquid.  If  a crack  or  other  flaw 
lies  sufficiently  close  to  the  surface,  the  magnetic  particles  will 
deposit  themselves  along  a crack  because  of  the  leakage  in  the  magnetic 
flux  at  the  discontinuity  in  the  material  that  was  not  previously 
visible.  A flaw  will  set  up  a pair  of  magnetic  poles  and  the  particles 
are  attracted  and  held  by  the  leakage  flux,  thus  forming  a visible 
indication  of  the  flaw.  For  underwater  use,  magnetic  particles  are 
mixed  with  fluorescent  agents,  and  an  ultraviolet  light  source  is  used  ti 
produce  good  contrast  between  particles  gathering  around  the  crack  and 
dark  surroundings.  The  surface  condition  of  the  inspected  area  must  be 
clean.  Wire  brushing,  sanding,  or  high  pressure  cleaning  techniques 
are  usually  applied. 

Capability 

The  method  is  widely  used  in  non-destructive  testing  and  is 
suitable  only  for  ferromagnetic  materials  such  as  steel  and  cast 
iron.  It  has  a wider  range  of  applicability  than  penetrants.  Paint 
or  other  coatings  do  not  appreciably  interfere  with  defect  detection 
for  layers  less  than  .1  mm  thick.  Essentially  all  types  of  defects 
can  be  found  both  at  the  surface  and  subsurface. 

Sensitivity 

Surface  defects  usually  produce  sharp  and  tightly  held  powder 
patterns  while  subsurface  defects  produce  less  tightly  defined  powder 
patterns  that  are  less  tightly  held.  Hence,  severity  of  a flaw  can  be 
detected.  The  size  of  the  flaw  detected  depends  upon  the  strength  of 
the  leakage  field  produced  by  the  defect.  Generally  dry  particle 
techniques  produce  the  greatest  sensitivity.  This  method  is  highly 
sensitive  for  surface  or  subsurface  flaws. 

Manufacturer  and  Cost 

In-place  inspection  of  ferromagnetic  components  is  relatively 
low  cost.  Inspection  equipment  basically  includes  a power  supply, 
probes  and  magnetic  powder.  Cost  for  above  water  inspection  equip- 
ment is  in  the  $1,000  to  $3,000  range,'  depending  upon  technique  or 
inspection.  Services  that  include  inspectors  and  equipment  are 
available  at  costs  of  less  than  $500  a day. 

Magnetic  particle  inspection  equipment  for  underwater  use  is 
currently  not  available  for  purchase  but  can  be  rented,  leased,  or 
built  from  designs  supplied  from  foreign  companies  such  as  Det  Norske 
Veritas.  Magnetic  particle  inspection  units  for  underwater  use 
currently  are  very  large  and  weigh  in  excess  of  one  ton. 
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Advantages 

Magnetic  particle  inspection  for  almost  any  type  of  defects  is 
almost  completely  free  from  restrictions  such  as  size,  shape  and 
composition.  It  is  a relatively  simple  technique  even  for  underwater 
application.  It  is  currently  the  most  reliable  underwater  technique  for 
crack  and  flaw  detection. 


Disadvantages 

The  main  disadvantage  is  that  the  technique  can  only  be  used  on 
ferromagnetic  materials.  Also,  only  estimates  of  the  size  and 
severity  of  the  defect  are  possible  with  this  method.  Other 
disadvantages  are: 

(1)  Sudden  changes  in  permeability  produce  false  defects 

(2)  Medium  cost  underwater 

(3)  Poor  permanent  records  if  underwater  photos  required 

(4)  Demagnitization  is  usually  required 

(5)  Limitations  covered  by  cost,  portability,  reliability 
and  ease  of  implementations  for  underwater  use  (These 
limitations  can  be  eliminated  by  further  development. 
However,  development  is  not  cost-effective  for  DWP 
applications,  alone). 
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Magnetic  Rubber 
Principle  of  Operation 

Magnetic  rubber  inspection  is  a special  technique  that  employs 
the  same  principle  of  operation  as  magnetic  particle.  Instead  of  using 
a powder  suspended  in  a liquid  vehicle,  however,  a black  magnetic  powder 
is  suspended  in  a rubber  vehicle.  Leakage  fields  in  a crack  cause 
magnetic  particles  in  the  rubber  to  migrate  and  accumulate  on  the 
crack.  A trace  of  the  defect  is  first  formed,  then  after  the  rubber 
cures  it  can  be  removed.  A permanent  clear  trace  of  the  black  magnetic 
powder  corresponding  to  the  defect  remains  on  the  rubber  mold.  The  mold 
can  then  be  examined  visually  by  a microscope  at  up  to  lOOx  magnification 

Capability 

This  method  is  for  inspection  of  surface  and  subsurface  cracks 
and  other  defects  in  ferromagnetic  materials  that  lie  inside  small 
confined  areas.  The  method  also  overcomes  difficulties  of  providing 
surface  illumination  and  visual  inspection. 

Sensitivity 

This  technique  is  more  sensitive  than  magnetic  particle  primarily 
because  a long  time  is  available  to  allow  the  magnetic  particles  to 
accumulate  on  the  structure.  The  magnetic  fields  attract  particles 
slowly  to  the  structure  without  any  disturbing  flow  of  liquids.  The 
long  migration  times  allows  the  use  of  weaker  field  intensities.  Thus 
a great  increase  in  sensitivity  can  be  obtained.  Defects  of  0.10  to 
0.15  mm  in  length  are  easily  identified. 

Manufacturer 

This  inspection  method  is  commercially  available  from  Magnetic 
Rubber  Inc.  and  is  a proprietary,  patent-pending  technique.  Costs 
other  than  for  the  magnetic  suspended  particles  in  a rubber  vehicle 
are  similar  to  the  magnetic  particle  method.  For  some  inspections, 
however,  the  lower  magnetic  field  requirements  may  reduce  the 
equipment  costs  slightly. 

Advantages 

Magnetic  rubber  inspection  techniques  have  the  same  advantages  as 
the  previously  described  magnetic  particle  method  in  Appendix  B.5.5. 
Additionally,  this  inspection  technique  includes  the  advantages  of  a 
better  permanent  record  and  greater  sensitivity,  and  can  be  used  in 
small  confined  areas  or  in  areas  of  poor  illumination  or  visual 
inspection  difficulties. 
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Disadvantages 

The  disadvantages  are  the  same  as  those  given  for  magnetic 
particle  inspection.  The  method  can  be  used  underwater  but  has  not 
been  widely  applied  in  deepwater  port  applications.  Information  on 
sensitivity  and  reliability  for  DWP  underwater  application  is  needed. 
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Magnetic  Foil  or  Tape 
Principle  of  Operation 

Magnetic  foil  inspection  is  a special  technique  for  underwater  use 
that  employs  the  same  principle  of  operation  as  magnetic  particle 
inspection.  Instead  of  using  a powder  suspended  in  a liquid  vehicle, 
the  diver  takes  down  a skin  (a  flexible  sheet  or  tape)  and  then  places 
magnetic  particle  crystals  on  the  skin.  The  inspected  structure  is  then 
polarized  with  electric  current  to  produce  the  magnetic  field.  A 
fluorescent  dye  is  applied  to  the  area  and  the  dye  holds  to  the  crystals 
which  have  formed  a pattern  on  the  skin.  If  a crack  is  present,  it  is 
then  visible  to  the  diver.  A photograph  is  then  taken  for  a permanent 
record.  The  technique  is  fairly  slow  as  the  foil  must  be  applied  to 
each  part  of  the  structure.  Permanent  records  can  be  obtained  by  taking 
underwater  photographs  of  the  skin  or  by  video  tape. 

Capability 

This  method  allows  for  inspection  of  surface  and  subsurface  cracks 
on  almost  any  ferromagnetic  underwater  structure. 

Sensitivity 

This  technique  is  less  sensitive  than  either  the  magnetic  particle 
or  magnetic  rubber  method  but  does  provide  for  inspection  of  small 
cracks  that  are  detectable  by  visual  inspection. 

Manufacturer  and  Cost 

This  inspection  method  is  currently  unavailable  for  purchase  but 
equipment  and  services  can  be  rented  or  leased  from  foreign  inspection 
companies.  Inspection  units  are  very  large  and  weigh  in  excess  of  one 
ton.  Costs  are  somewhat  lower  than  magnetic  particle. 

Advantages 

Magnetic  foil  inspection  technique  has  the  same  advantage  is  as  the 
previously  described  magnetic  particle  method  (Appendix  B.5.5). 
Additionally,  this  inspection  technique  includes  the  advantage  of  an 
improved  permanent  record  for  underwater  use. 

Disadvantages 

The  main  disadvantages  of  this  method  are: 

(1 ) Can  only  be  used  on  ferromagnetic  materials 

(2)  Sudden  changes  in  permeability  produce  false  defects 
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Ultrasonic  Imaging  (Holographic) 

Principle  of  Operation 

Ultrasonic  imaging  ^ is  a NOT  inspection  method  that  provides 
simultaneous  three-dimensional  images  of  the  interior  of  the  solid 
surface  of  an  OTS  component.  A focused  ultrasonic  transducer  or  trans- 
ducer array  is  used  to  scan  the  entire  volume  of  the  inspected  component 
with  ultrasound.  After  scanning,  the  images  can  be  tilted  and  rotated 
so  that  the  flaw  conditions  can  be  viewed  from  an  infinite  number  of 
orientations. 

The  transducers  emit  ultrasound  and  receive  the  ultrasonic 
reflections  from  either  the  interior  or  surface  of  the  inspected 
component.  An  electronic  processor  generates  an  electronically 
simulated  time-based  reference  signal  by  splitting  a portion  of  the 
transmitted  ultrasonic  signal  and  sending  it  through  a phase-shifting 
network.  The  simulated  reference  signal  is  mixed  with  the  object 
signal  in  the  processor  and  results  in  amplitude  data  combined  with 
a phase  analog  of  the  time  (depth)  data  of  the  internal  properties  of 
the  inspected  component  at  any  given  point  in  the  transducers  scanning 
pattern.  Phase  and  amplitude  data  gathered  in  this  way  are  the  same 
type  of  information  recorded  by  a hologram.  Hence,  these  data  are  in 
the  form  of  holographic  signal  (three-dimensional)  and  can  be  written 
in  various  formats  into  several  storage  oscilloscopes,  magnetic  tape 
and  hard  copy  printers. 

Capability 

Ultrasonic  imaging  inspection  can  be  used  for  both  on-land  and 
underwater  inspections  of  almost  any  OTS  component.  Defects  can  be 
detected  in  three  dimensions  at  any  depth  into  the  material  of  an 
inspected  component.  Defects  such  as  corrosion,  erosion,  pits,  thin 
cracks,  loss  of  material  on  inside  or  outside  of  pipe  or  pipe  weld 
can  be  detected. 

Sensitivity 

Typical  sensitivities  claimed  by  the  manufacturer  are  as  follows: 

(1)  Flaw  areas  of  about  0.2  mm  x 0.2  mm  can  be  detected 

(2)  Instrument  can  be  set  up  to  meet  any  API  specification 

(3)  Thickness  resolution  of  about  0.05  mm 

(4)  Provides  length,  width,  shape  and  depth  of  crack 

(5)  Penetrates  to  about  1 meter  in  solid  steel  or  0.3  meters 
of  rubber 
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Manufacturer  and  Cost 

Ultrasonic  imaging  equipment  for  inspection  of  OTS  components  such 
as  the  exterior  of  a pipeline,  inside  of  a pipeline,  tanks,  underwater 
structures,  etc.  is  available  from  Holosonics,  Inc.  This  equipment  is 
of  higher  cost  than  the  other  NOT  equipment  described  in  Section  B.5. 
Specific  cost  of  equipment  and/or  services  are  available  from  the 
manufacturer. 

Advantages 

Some  of  the  main  advantages  of  ultrasonic  imaging  inspection  are  as 
fol 1 ows ; 

(1)  Good  hard  copy  picture  of  internal  flaws  with  little  or 
no  interpretation  of  data  required 

(2)  Has  been  used  underwater  with  good  success 

(3)  Device  can  be  hand  held  or  attached  to  pipeline 

(4)  Excellent  incipient  failure  detection 

(5)  Expected  to  be  commercially  available  in  1978  or  1979 

(6)  Potentially  can  be  used  for  hoses  particularly  at  nipple 
section 

(7)  Simple  interpretation  of  data 

(8)  Can  be  used  to  measure  exact  size  of  flaw 

(9)  Shows  thin  horizontal  cracks  that  radiography  may  miss 

Disadvantages 

The  main  disadvantages  are; 

(1)  Higher  cost  than  other  NDT  methods 

(2)  Device  has  been  used  successfully  for  a number  of 
underwater  applications  but  needs  engineering  design 
for  specific  application 

(3)  Reliability  and  performance  specifications  are  uncertain 
at  this  time 
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Principle  of  Operation  25 

Eddy  current  inspection  is  applied  by  using  a detector  coil  that 
carries  alternating  current.  The  detector  is  brought  near  a metal 
material  specimen,  and  eddy  currents  are  induced  in  the  metal  by 
electromagnetic  induction.  The  magnitude  of  the  induced  eddy  current 
depends  upon  the  magnitude  and  frequency  of  the  alternating  current, 
the  electrical  conductivity,  magnetic  permeability,  shape  of  the 
specimen,  the  relative  position  of  coil  and  specimens,  the  geometry  and 
magnetic  characteristic  of  the  probe  and  the  presence  of  discontinuities 
or  inhomogeneities  in  the  specimen.  The  induced  eddy  current  opposes 
the  original  magnetic  field.  This  causes  the  impedance  of  the  exciting 
detector  coil  or  any  coil  in  close  proximity  to  be  affected.  A defect 
causes  the  impedance  to  change.  This  impedance  change  is  measured 
and  the  flaw  detected. 

24 

Inspection  schemes  such  as  the  following  are  generally  used: 

(1)  Inspection  of  cracks 

(2)  If  crack  detected,  blend  crack 

(3)  Reinspection 

(4)  If  no  other  cracks  found,  make  an  insurance  cut  of  about 
.7  mm  deep 

Also,  if  crack  depth  d is 

d<.4  mm  --  blend  crack,  no  more  inspection  required 
d.4<d<l  mm  --  blend  crack,  inspect  after  3000  hours  operation 
1 mm<d<6  mm  --  inspect  after  500  operational  hours 
6 mm<d  — replace  component 

Capability 

Eddy :urrent  devices  are  used  to  detect  cracks,  voids  and  other 
flaws  and  to  measure  wall  thickness;  to  inspect  coatings  when  coatings 
are  on  steel  surfaces;  etc.  They  can  be  used  on  the  inside  of  short 
lengths  of  pipe  and  other  structures  that  are  above  or  underwater  and 
are  of  electrically  conducting  material  such  as  steel.  The  devices 
are  simple  to  operate,  can  be  automated  and  can  be  used  on  either 
side  of  a pipeline  wall  or  structure. 

Sensitivity 

Sensitivity  of  eddy  current  inspection  equipment  is  usually 
defined  as  the  needle  deflection  of  the  impedance  measuring  device  in 
the  presence  of  a crack.  Minimum  crack  depths  with  usual  equipment  for 
above  water  testing  is  about  0.2  to  0.4  mm.  More  sophisticated 
equipment*has  indicated  defects  0.07  mm  deep  and  0.8  mm  long. 

Underwater  inspections  can  also  be  carried  out  using  eddy  current 
devices.  Cracks  down  to  about  .4  mm  wide  and  about  10  mm  long  can  be 
detected. 

* W.  Fortsch.  "Automated  Eddy  Current  Inspection,"  9th  EACMT  Meeting, 
(Helsinki,  1973) 
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Manufacturer  and  Cost 

Eddy  current  inspection  equipment  for  above  water  use  is  available 
from  a number  of  non-destructive  inspection  equipment  companies  at 
costs  typically  ranging  from  about  $500  to  $5,000. 

A few  devices  are  available  for  underwater  use.  One  developed  by 
Inertial  Switch,  Ltd.,  is  hand-held  by  divers. 

The  Branson  Probolog^^  inspection  device  is  sent  through  the  pipe 
on  a standard  30-foot  cable  to  locate  and  record  wall  thinning  due  to 
crack  pits  and  other  flaws  and  also  to  inspect  weld  quality,  the 
device  cannot  be  used  for  long  lengths  of  pipe.  The  probolog  is 
widely  used  in  industry. 

Advantages 

Eddy  current  inspection  is  of  lower  cost  and  simpler  to  use  than 
most  other  comparable  NOT  inspection  methods  for  inspection  such  as 
those  required  to  be  very  close  to  a surface  or  for  thin  materials. 

The  method  is  widely  used  in  non-destructive  testing. 

Disadvantages 

There  are  two  main  disadvantages  of  this  method.  First,  it  cannot 
be  used  for  non-metals.  Secondly,  in  many  inspections  acceptable 
variations  in  the  quality  of  a specimen  may  cause  a greater  effect 
on  the  flow  of  eddy  currents  than  an  unacceptable  defect. 

Eddy  current  inspection  for  underwater  applications  is  used 
primarily  for  smooth  and  flat  surfaces,  and  there  has  been  little  use 
of  it  on  tubular  members.  This  method  is  primarily  in  the  development 
stage.  Shell  oil,  for  example,  has  been  doing  the  experimental  work 
in  this  area  for  the  last  few  years.  Currently,  one  must  establish 
a profile  for  a tubular  member  or  series  of  tubular  members  under 
different  conditions  by  monitoring  periodically  over  a period  of  time. 
For  tubular  members  near  the  surface,  marine  growth  will  grow  and 
possibly  change  the  signature  of  structure  and  potentially  mask  a 
serious  defect.  More  development  of  this  inspection  method  for 
underwater  use  is  required  to  both  improve  the  inspection  capability 
and  measurement  effectiveness  (reliability). 
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B.5.10  Penetrants 


Principle  of  Operation 

Liquid  penetrant  inspection  requires  that  the  inspected  part  be 
degreased  and  wiped  clean.  Then  a liquid  penetrant  is  applied  to  the 
surface  to  be  inspected.  After  sufficient  penetrating  time  the  excess 
penetrant  is  wiped  off  the  surface  and  a white  powder  applied  to  the 
surface.  After  an  additional  period  of  time  the  penetrant  seeps  out  of 
a crack  and  reduces  the  whiteness  of  the  powder  so  that  the  defect  can 
be  observed.  Other  penetrants  require  blowing  excess  penetrants  with 
water  and  inspections  with  movable  black-light.  Penetrants  include 
various  liquids  such  as  red  liquids  and  fluorescent  liquids  that  are 
either  water-washable  or  non-washable,  and  radioactive  materials. 

Capability 

I his  inspection  method  is  widely  used  for  inspections  and  can  be 
applied  to  almost  every  metal,  alloy,  plastic  material,  ceramic,  rubber, 
etc.,  provided  they  do  not  have  extremely  porous  surfaces.  Direct 
surface  defects  such  as  cracks,  laps,  pits,  porosity,  etc.  or  internal 
defects  with  surface  opening  can  be  detected.  It  can  only  be  used 
underwater  if  a dry  habitat  is  available. 

Sensitivity 

The  visual  trace  of  the  defect  observed  is  always  larger  than  the 
defect  itself  but  the  length  of  the  observed  defect  is  about  the  same. 
Sensitivity  varies  depending  upon  the  specific  technique  that  is  used. 
Defects  of  1 mm  or  less  in  width  can  be  detected. 

Manufacturer  and  Cost 

Liquid  penetrant  inspection  equipment  is  available  from  a number 
of  non-destructive  inspection  companies.  In-place  inspection  costs  are 
very  low  and  can  range  from  a few  dollars  for  the  liquid  penetrants  and 
powders  to  less  than  $1000  for  fluorescence  dyes  with  black  lights, 
developers  and  drying  equipment. 

Advantages 

The  main  advantage  of  this  method  is  that  it  is  the  simplest  NDT 
method  other  than  visual  inspection.  Also,  relatively  large  areas 
can  be  inspected  in  short  periods  of  time  and  at  low  cost. 

Disadvantages 

Penetrants  are  not  applicable  or  will  not  work  well  with  surfaces 
treated  with  paint,  plating  or  other  coatings  that  prevent  penetrants 
from  entering  the  defects.  Surfaces  also  must  be  free  of  oil  or  grease. 
In  most  instances,  internal  defects  cannot  be  detected  or  quantified. 
However,  internal  defects  extending  to  a surface  opening  can  be 
detected. 
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B.5.10  (Continued) 

At  this  time,  penetrants  cannot  be  used  underwater.  Developtpent 
of  this  method  for  underwater  use  is  highly  desirable  because  of  its 
low  cost,  simplicity,  wide  area  of  coverage,  and  its  increased 
sensitivity  over  visual  inspection.  However,  development  is  not 
cost-effective  for  DWP  applications,  alone,  and  cannot  be  soecifically 
recommended. 
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SURVEY 


Survey  inspection  methods  described  in  this  section 
pertain  to  inspection  of  OTS  components  located  either  on  or  buried 
in  the  soil  of  the  seabottom. 

Sonar  methods  using  towfish  techniques  for  inspection 
of  pipeline  bare  surface  and  depth  of  burial  are  initially  described. 
Then,  inspection  methods  for  location  of  all  OTS  components  (including 
pipelines)  using  divers,  diver-aided  inspections  and  inspection  systems 
located  on  surface  ships  are  described.  Finally  a description  of 
scour  inspections  is  given  for  methods  that  require  a diver,  inspection 
aids  for  the  diver  and  continuously  monitoring  systems. 
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B. 6. 1(a)  Side  Scan  Sonar 
Principle  of  Operation 

Side  scan  or  side  looking  sonar  is  a type  of  sonar  echo 
technique  which  is  used  for  inspection  of  topographical  features.  Side 
scan  sonar  uses  a short  pulsed  acoustic  beam  with  its  main  axis  tilted 
slightly  off  the  horizontal  toward  the  bottom.  The  beam  that  is  generate 
is  very  narrow  (typically  1°)  in  the  horizontal  plane  and  very  broad 
in  the  vertical  plane  (typically  30°).  The  acoustic  transducer  that 
generates  the  beam  is  mounted  in  a mechanical  towed  fish  that  is 
located  on  or  near  the  bottom  surface  at  some  distance  behind  a 
pulling  boat.  The  towfish  is  usually  towed  a few  meters  above  the 
surface  bottom  to  eliminate  surface  reflections.  The  short  pulse 
transmission  and  narrow  beam  give  high  resolution  capability  of 
topographical  features.  The  acoustic  pulse  is  reflected  from  an  object 
along  the  horizontal  path.  The  strength  of  the  reflected  echo  depends 
upon  the  object's  reflectivity,  size  and  orientation  relative  to  the 
beam.  The  reflected  pulse  is  amplified  in  the  towfish  receiver  and 
sent  up  the  tow  cable  to  a recorder  in  the  pulling  boat.  The  signal  is 
then  processed,  and  a permanent  record  is  made  on  a recorder. 

Capability 

The  main  capability  of  this  inspection  method  for  DWP  use 
is  that  it  can  be  used  to  inspect  for  any  exposure  of  the  buried 
undersea  pipeline.  The  method  can  also  be  used  for  mapping  exposed 
undersea  pipelines. 

Sensitivity  . , 

Exposed  surfaces  as  small  as  1 inch  can  be  detected  for 

buried  undersea  pipeline. 

Manufacturer  and  Costs 

Side  scan  sonar  systems  are  available  for  purchase  from 
a number  of  companies  such  as  Ocean  Research  Equipment,  Inc., (ORE) 
and  Klein  Associates,  Inc.,  at  costs  of  less  than  $20,000.  Inspection 
services  are  also  available  at  costs  of  about  $750  (including 
operator)  a day. 

Advantages 

Some  of  the  main  advantages  are: 

(1)  Provides  excellent  incipient  failure  detection 

(2)  Fast  inspection  - requires  about  5 days  to  inspect 
60  miles  of  undersea  pipeline 

(3)  Covers  wide  area 

(4)  Low  cost 

(5)  Commercial  systems  or  services  are  available 

(6)  Method  can  be  used  simultaneously  with  sub-bottom 
profiling  inspection  to  obtain  depth  of  pipeline  burial 


B, 6. 1(b)  Sonar-Penetrating  (Sub-Bottom  Profiling) 

Principle  of  Operation 

Penetrating  sonar  or  sub-bottom  profiling  is  a type  of  sonar 
echo  technique  which  is  used  primarily  for  inspection  of  the  depth  of 
burial  of  undersea  pipelines.  Penetrating  sonar  uses  two  acoustical 
transducers  that  send  pulsed,  vertical,  acoustic  beams  onto  and  into 
the  soil  above  a buried  undersea  pipeline.  One  transducer  transmits 
at  a frequency  that  allows  the  beam  to  penetrate  through  the  soil 
and  reflect  from  the  pipeline  external  surface.  The  other  transducer 
transmits  at  a frequency  that  causes  the  beam  to  reflect  from  the 
soil  above  the  pipeline.  The  strength  of  these  reflected  echos 
allow  processing  so  that  the  depth  of  the  pipeline  and  depth  of  soil 
above  the  pipeline  can  be  measured  and  the  resultant  depth  of  soil 
above  the  pipeline  can  be  computed.  The  acoustic  transducers  are 
mounted  in  a mechanical  towfish  that  is  located  near  the  bottom  surface 
and  at  a suitable  distance  behind  a pulling  boat  equipped  with  a 
winch.  The  reflected  pulses  are  amplified  in  the  towfish  receivers 
and  sent  up  the  towing  cable  to  a receiver  in  the  pulling  boat.  The 
signals  are  processed  and  a permanent  record  is  made  on  a recorder. 

Capability 

The  main  inspection  capability  of  this  method  is  to  measure 
the  depth  of  burial  of  a burieo  undersea  pipeline.  The  method  can 
also  provide  trench  delineation,  pipeline  location  and  pipeline 
orientation. 


Sensitivity 

Depth  of  pipeline  burial  can  be  measured  to  within 
approximately  5 cm. 

Manufacturer  and  Costs 

Penetrating  sonar  systems  with  sub-bottom  profiling  are  available 
for  purchase  from  a number  of  companies  such  a Ocean  Research  Equip- 
ment, Inc.,  Edo  Western,  Corporation  and  Raytheon's  Ocean  Systems 
Center  at  costs  of  less  than  $30,000.  Inspection  services  are  also 
available  at  costs  of  about  $750  (including  operator)  a day. 

Advantages 

Sotne  of  the  main  advantages  are: 

(1)  Provides  excellent  incipient  failure  detection 

(2)  Fast  inspection 

(3)  Covers  wide  area 

(4)  Low  cost 

(5)  Commercial  systems  or  services  available 

(6)  Method  can  be  used  simultaneously  with  side  scan  sonar 
to  also  inspect  for  exposure  of  buried  pipeline 
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B. 6. 2(a)  Surveying  - Diver  Using  Microwave  Positioning  System 

Principle  of  Operation 

An  inspection  diver  walks  the  undersea  pipeline  holding  a 
taut  buoy  line.  A microwave  positioning  system  is  installed  in  the 
diver  supply  boat.  An  antenna,  mounted  on  the  side  of  the  supply 
boat  and  over  the  buoy  line,  is  used  to  accurately  locate  the 
position  of  the  diver.  In  the  case  of  a buried  undersea  pipeline,  the 
diver  also  uses  a hand-held  sonar  device  to  locate  the  pipeline  while 
walking  the  line. 

Capability 

The  main  capability  of  this  inspection  method  is  to  accurately 
locate  the  pipeline.  Other  inspections  such  as  examination  for  pipeline 
damage  and  scour  can  also  be  carried  out  by  the  diver.  Inspections 
of  about  1/2  mile  of  pipeline  can  typically  be  carried  out  in  one  day. 

Sensitivity 

Precise  pipeline  location  at  depths  up  to  20  meters. 

Manufacturer  and  Costs  . . . , 

The  cos't  6fThTs~type  of  inspection  is  expected  to  be  lower  than 

existing  methods  according  to  Oceaneering  International,  the  developer 
of  the  inspection  technique  (See  Reference  32). 

Advantages 

Some  of  the  main  advantages  are: 

(1)  Covers  up  to  about  1/2  mile  per  day 

(2)  Can  be  used  in  turbid  water 

(3)  Provides  visual  inspection  by  diver 

(4)  Particularly  useful  for  new  pipelines 

(5)  Excellent  incipient  failure  detection 

(6)  Inspection  services  are  available 

Disadvantages 

This  inspection  method  is  of  high  cost  for  undersea  pipelines 
that  are  more  than  a few  miles  long.  Also,  the  water  depth  limitation 
of  20  meters  severely  limits  the  use  of  this  inspection  method. 
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B. 6. 2(b)  Surveying  - Diver  with  Acoustic  Transponder 
Principle  of  Operation 

An  inrpeclion  diver  walks  the  undersea  pipeline.  The  diver 
uses  a hand-held  acoustic  transponder  with  a narrow  beam  (typically  1°) 
signal  to  identify  his  precise  location.  An  acoustic  receiver  system 
located  on  the  diver  supply  boat  is  used  to  monitor  the  transponder 
location  and  provides  a permanent  location.  In  the  case  of  a buried 
undersea  pipeline,  the  diver  also  uses  a hand-held  sonar  device  to 
locate  the  pipeline. 


Capability 

The  main  capability  of  this  inspection  method  is  to  accurately 
locate  the  pipeline.  Other  inspections  such  as  examination  of  the 
pipeline  for  damage  and  scour  can  also  be  carried  out  by  the  diver. 

In  addition,  the  diver  can  leave  a spare  locating  transponder  at  the 
area  where  the  pipe  needs  repair.  This  also  provides  easy  location  when 
repairs  are  made  at  a later  time. 

Sensitivity 

Precise  pipeline  location  at  depths  to  200  meters  are 
expected  using  this  inspection  method. 

Manufacturer  and  Costs 

This  inspection  method  is  currently  in  the  developmental  stage 
(Reference  32).  The  transponder  with  n sor 
Wesmar  Company. 


sonar  beam  is  available  from 


Advantages 

Some  of  the  main  advantages  are: 

(1  ) Inspection  of  up  to  1/2  mile  of  pipeline  per  day 

(2)  Can  be  used  in  turbid  water 

(3)  Provides  visual  inspection  by  diver 

(4)  Particularly  useful  for  new  undersea  pipelines 

(5)  Excellent  incipient  failure  detection 

(6)  Provides  easy  location  of  damaged  pipeline  areas 

Disadvantages 

This  inspection  method  is  expected  to  be  of  high  cost  for 
long  pipelines  and  is  in  the  developmental  stage. 


B. 6. 2(c)  Surveying  - Component  Location  - Miscellaneous  Methods 
A variety  of  systems,  not  discussed  previously,  are 
commercially  available  or  in  the  developmental  stage  for  inspection 
of  the  location  of  OTS  components  such  as  undersea  pipeline,  PLEM  base, 
SPM  buoy  position,  anchor  chain  pilings,  etc.  These  inspection 
methods  are  expected  to  be  seldom  used  for  inspection  of  DWP  OTS 
components.  Hence,  typical  inspection  methods  will  only  be 
identified  in  the  following  list: 

(1)  Sonar  on  surface  ship  (commercially  available) 

(2)  Doppler  sonar  on  surface  ship  (commercially  available) 

(3)  Phased  array  sonar  on  surface  ship 

(4)  Diver  hand  held  sonar  (commercially  available) 

(5)  Acoustic  transponder  at  OTS  component  with  acoustic 
receiver  system  on  surface  ship  (commercially  available) 

(6)  Magnetometer  on  surface  ship  (commercially  available) 

(7)  Magnetic  beacon  transponder  at  OTS  component  with 
magnetometer  on  surface  ship  (Reference  30) 

(8)  Very  low  frequency  radio  beacon  at  OTS  component  with 
very  low  frequency  receiver  on  surface  ship  (Reference  30) 
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B. 6. 3(a)  Scour  - Diver  Visual  Inspection 


Principle  of  Operation 

Diver  visually  inspects  for  scour  using  visual  inspection  or  visual 
inspection  aided  by  underwater  lighting.  See  Section  B.1.3'and 
Section  5.2.5  of  the  main  report  for  typical  diver  operations  during 
these  inspections. 

Capability 

Diver  inspections  for  scour  can  be  used  primarily  to  identify 
unprotected  areas  of  underwater  OTS  components  caused  by  scouring  and 
that  potentially  can  result  in  excessive  corrosion. 

Advantages 

Some  of  the  main  advantages  are: 

(1 ) Simple, 

(2)  Quick  inspection-typical ly  a few  minutes  for  many  OTS 
components, 

(3)  Low  cost, 

(4)  Some  incipient  failure  detection. 

Disadvantages 

Some  of  the  main  disadvantages  of  this  inspection  method  are: 

(1)  Subject  to  interpretation, 

(2)  Cannot  identify  scour  areas  that  may  be  covered  up  after 
a storm, 

(3)  Does  not  provide  quantitative  values  for  changes  in  soil 
levels,  scoured  areas  of  OTS  components,  etc. 


B. 6. 3(b)  Scour  - Diver  Inspections  with  Pneumofathometer  Device 
Principle  of  Operation 

This  inspection  method  is  used  to  quantitatively  identify 
scouring  or  drifts  in  areas  surrounding  OTS  components  or  structures 
on  the  ocean  floor.  A pressure  gage,  calibrated  in  feet  of  sea  water 
by  pressure,  is  located  on  a diver  support  boat.  Air  is  forced  down 
a small  diameter  hose  and  is  usually  attached  to  the  diver's  hose 
but  can  be  attached  to  anything  near  the  bottom  surface.  If  attached 
to  the  diver's  hose,  it  can  be  held  at  the  end  in  the  diver's  hand. 

The  column  of  air  under  the  pressure  of  sea  water  will  give  a depth 
reading  at  the  gage  located  on  the  support  boat.  Readings  are  usually 
taken  at  the  OTS  component  and  then  at  distances  such  as  1,  2,  5 and 
10  meters  away.  From  these  readings,  one  can  survey  the  topography 
at  and  near  on  OTS  component  at  the  sea  bottom.  The  readings  at  each 
I location  and  are  the  visual  condition  of  the  soil  and  the  OTS 
component  at  the  sea  bottom  are  recorded. 

Capability 

Topography  of  al  1 underwater  OTS  components  such  as  the 
pumping  platform  structure,  PLEM  base,  PLEM  and  chain  anchors,  pilings, 
etc. 

Manufacturer  and  Costs 

Costs  are  low  because  measurements  can  be  typically  made  in 
less  than  an  hour. 

Advantages 

This  inspection  method  is  relatively  simple  to  carry  out  and 
of  low  cost.  The  method  provides  some  incipient  failure  detection 
because  accurate  sea  bottom  topography  measurements  can  be  obtained; 

OTS  components  that  are  located  in  areas  where  soil  does  not  provide 
proper  support  or  is  eroding  can  be  identified. 

Disadvantages 

The  main  disadvantage  is  that  scour  areas  that  can  weaken 
structure  supports,  etc.  may  be  covered  up  after  a storm  and  may  not 
be  detected  by  inspections. 
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Principle  of  Operation 

Inspection  systems  can  be  built  or  developed  that  continuously 
monitor  scouring  of  OTS  comoonents.  These  systems,  for  most 
inspections,  are  not  cost-effective  and  do  not  significantly  reduce 
the  risk  of  oil  spills  for  the  OTS.  In  isolated  instances,  this 
inspection  method  might  be  needed.  Hence,  typical  inspection  methods 
will  be  described  only  briefly  in  the  following  paragraphs. 

An  electrode  resistance  depth-measuring  system  (Reference  29) 
requiring  an  array  of  electrodes  is  placed  below  the  ocean  bottom  to 
a depth  which  should  exceed  the  expected  depth  of  scour.  AC  voltage 
is  applied  to  the  electrodes  in  reference  to  a common  ground,  which 
is  placed  in  water.  An  electronic  system  is  used  to  detect  the 
difference  of  impedance  between  reference  ground  electrodes  when  they 
are  in  water  or  buried  in  the  soil.  The  system  should  be  installed 
during  DWP  installation  for  optimizing  the  system  effectiveness  and 
reducing  costs. 

A magnetic  beacon  system  (Reference  30)  requires  that  a 
magnet  (magnetic  beacon  or  transponder)  be  permanently  placed  in  a 
potential  scour  hole.  The  location  and  depth  of  the  beacon  are  obtained 
using  a sensitive  magnetometer  on  the  deck  of  the  pumping  platform, 

SPM,  etc.  The  magnet  could  either  be  a permanent  one  or  a DC 
electromagnet. 

As  electromagnetic  beacon  system  (Reference  30)  requires  that 
an  electromagnetic  radio  beacon  be  permanently  placed  in  a potential 
scour  hole.  The  location  and  depth  of  the  beacon  are  obtained  using 
a unique  receiver  system  located  out  of  the  water  near  the  beacon.  The 
receiver  system  uses  a continuous  wave  phase  measuring  technique. 

An  acoustic  transducer  installed  at  the  ocean  bottom  is 
used  to  detect  the  sounds  of  bubble  collapse  that  are  generated  at 
the  onset  of  scour.  See  Reference  29  for  a description  of  this 
technique. 


B. 6. 3(c)  (Continued) 


Capability 

Continuous  scour  inspection  of  most  OTS  underwater  components 
such  as  the  PLEM  base,  pumping  platform  base,  pilings,  etc. 

Manufyturer  and  Costs 

Continuous  scour  inspection  systems  generally  are  not 
commercially  available.  Most  components  of  these  systems  are 
commercially  available.  Thus,  only  engineering  design,  installation 
and  small  development  costs  are  required.  Costs  will  not  be  given 
here  because  these  vary  widely  depending  upon  OTS  components  and  DWP 
design. 

Advantages 

(1)  Detects  scour  areas  that  may  weaken  structure  but 
may  be  covered  up  by  storm 

(2)  Continuous  monitoring 

(3)  Especially  useful  in  deepwater  where  diver  or  submersible 
vehicle  inspections  are  costly 

(4)  Good  incipient  failure  detection 

Disadvantages 


(1)  Medium  cost 

(2)  Not  particularly  advantageous  at  short  depths  (i.e., 
50  meters)  from  a cost  consideration 

(3)  Systems  require  development  and  engineering  design 
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OTS  Control 


Systems  controlling  the  transfer  of  oil  from  ship  to  onshore  storage 
terminals  can  be  used  for  inspection.  For  example,  an  OTS  control  system 
with  continuous  pressure  monitoring  can  be  used  for  detection  of  hose 
string  leakage  or  potentially  to  detect  hose  string  defects  (i.e., 
excessive  hose  string  expansion  or  contraction,  etc.)  that  can  lead  to 
leakage.  In  general,  supervisory  control  systems  provide  pressure 
measurement,  volume  comparison,  flow  rate  comparisons  and  detection  of 
flow  rate  deviations.  These  methods  typically  detect  only  very  large 
leaks  or  catastrophic  failures.  Supplementary  methods,  such  as 
mathematical  modeling,  can  be  adpated  to  existing  OTS  supervisory 
control  systems  to  provide  more  sensitive  leak  detection.  OTS  control 
system  inspection  methods  in  current  use  and  supplementary  methods  are 
described  briefly  in  the  subsections  that  follow. 
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B. 7. 1(a)  Pressure  Static* 

Principle  of  Operation 

This  inspection  method  is  used  to  inspect  for  OTS  line  integrity. 
The  pipeline  is  operated  in  an  intermittent  manner  at  nominal 
operating  pressure.  Static  pressure  measuring  techniques  are  used 
to  detect  a leak  when  sections  of  the  line  are  closed  off.  If  the 
pressure  holds,  the  line  is  considered  tight.  High  accuracy  pressure 
gages  are  used  to  monitor  the  line  pressure.  High  leakage  rates  (i.e., 
greater  than  500  1/hr)  can  be  detected  over  short  time  intervals 
(about  15  minutes)  by  measuring  the  static  pressure  drop.  Inspection 
for  lower  leakage  rates  requires  that  such  effects  as  that  caused 
by  a non-equilibrium  temperature  be  accounted  for  or  eliminated. 

Capability 

This  inspection  method  can  be  used  for  most  of  the  major  OTS 
components  such  as  the  pipelines,  hose  strings  and  the  PLEM  and 
other  SPM  piping.  Static  pressure  tests,  for  inspection  of  the 
integrity  of  the  OTS  system,  commonly  are  carried  out  on  a weekly 
basis  or  before  each  ship  offloading  (at  the  maximum  discharge 
pressure  of  the  VLCC)  when  the  DWP  is  used  infrequently. 

Advantages 

This  is  a commonly  used  inspection  method  and  is  low  cost, 
simple  to  implement  and  capable  of  good  incipient  failure  detection. 

Disadvantages 

Some  of  the  main  disadvantages  and  limitations  are: 

(1)  Requires  leak  detection  method  if  leaks  are 
located 

(2)  Variations  in  temperature,  hose  string  move- 
ments, etc.  limit  sensitivity  of  leak  inspec- 
ti  on 

(3)  Difficult  to  detect  slow  leaks 

Less  sensitive  than  hydrostatic  pressure 
difference  method 


★ 


See  also  Section  B.3.3  - Hydrostatic  Pressure  Drop. 


B. 7. 1(b)  Pressure  Deviation  - Continuous 


Principle  of  Operation 

Continuous  monitoring  of  line  pressure  by  computer  at  various 
locations  along  the  OTS  can  be  carried  out  during  offloading  for  leak 
inspections.  If  pressure  deviations  (i.e.,  pressure  drops,  etc.)  are 
excessive  and  exceed  a set  point  value,  system  alarms  are  sounded. 

Capability 

Excessive  pressure  deviation  can  be  used  as  an  indicator  of 
large  leaks  in  the  hose  string,  SPM  pipeline,  and  offshore  or  onshore 
pipelines.  The  method  also  can  be  used  to  inspect  for  hose  string 
defects  that  may  lead  to  leaks  or  rupture.  Unusual  deviations  in 
pressure  caused  by  changes  in  hose  characteristics  can  be  recorded. 
Computer  analysis  of  known  parameters  such  as  fluid  velocity  and 
viscosity,  hose  dimensions,  hose  surface  and  binding  characteristics, 
etc.,  combined  with  a signal  enhancement  technique,  such  as  pressure 
smoothing,  would  be  required. 

Sensitivity 

Pressure  deviation  is  most  sensitive  for  large  leaks  close  to  the 
ship  discharge  pumps  and  close  to  the  downstream  end  of  the  pumping 
stations.  At  locations  where  OTS  pressures  are  low,  such  as 
upstream  of  the  pumps,  large  leaks  cause  a smaller  pressure  loss  that 
are  more  difficult  to  detect. 

Manufacturer  and  Costs 

All  necessary  equipment  and  components  are  commercially  available. 
Estimated  costs  for  a typical  system  that  potentially  can  be  used  for 
leak  inspection  on  a CALM  are  given  in  Table  4-2  (Item  8 on  page  4-20). 
Costs  are  given  assuming  that  the  system  is  used  with  a typical  OTS 
supervisory  control  system.  Costs  for  a more  sensitive  computerized 
system  are  also  given  in  Table  4-2,  for  example, Item  9 of  page  4-20. 

Advantages 

This  is  a commonly  used  inspection  method  for  detecting  large 
leaks.  It  is  simple  to  implement  and  could  provide  some  incipient 
failure  detection  for  hose  strings. 

Disadvantages 

It  is  extremely  difficult  to  detect  small  leaks  because  of  the 
following  main  problem  areas  that  affect  continuous  pressure 
measurement  inspections: 

(1)  Variations  in  input  or  output  tank  heads 

(2)  Changes  in  fluid  properties 

(3)  Changes  in  temperature 
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(4)  Flow  variations  affect  line  pressure  drop  because 
pressure  drop  varies  as  the  flow  rate  squared 

(5)  Leaks  are  inadvertently  compensated  for  by  pressure 
control  valves  when  a system  is  operating  at  maximum 
capacity  under  pressure  control 

(6)  Setpoints  are  usually  set  very  high  to  prevent 
false  shutdowns.  In  these  instances,  only  very 
large  leaks  or  ruptures  can  be  detected 

Extensive  research  and  testing  may  be  required  to  enable  continuous 
inspections  for  hose  string  defects  by  this  method. 


B. 7. 1(c)  Volume  Comparisons  (Balance) 

Principle  of  Operation 

A variety  of  volume  comparison  techniques  for  inspection  of  leakage 
is  commonly  used  in  the  pipeline  oil  transportation  industry.  The  basic 
operation  is  to  measure  the  input  volume,  output  volume  and  line  pack  to 
check  metered  barrels  into  the  pipeline  against  barrels  measured  out. 
These  measurements  are  generally  based  on  the  following  equation: 


where 

V|^  = leak  volume  during  time  t 

V^  = volume  of  liquid  put  into  system  during  time  t 
= volume  of  liquid  taken  out  of  system  during  time  t 
AV^  = change  in  volume  of  liquid  in  pipe  and  tanks  in  system 

Corrected  flowmeter  readings  are  used  to  provide  measurements  of  V-j  and  Vq 
at  the  input  and  output.  AVg  is  usually  computer  corrected  for  line  pack 
effects  by  measurements  of  temperature  and  pressure  at  various  locations 
on  the  pipeline. 

Volumes  can  be  measured  by  meters  (i.e.,  turbine  flow  meters, 
etc.)  and  by  tank  gages.  The  metering  system  provides  the  required 
volume  data  with  the  computerized  supervisory  control  system 
automatically  gathering,  comparing  and  correcting  for  various  parameters 
(temperature,  pressure,  density  of  crude,  etc.).  Computerized  control 
systems  are  used  that  make  continuous  volume  comparisons  over  typical 
time  intervals  ranging  from  every  four  minutes  (Siemens  of  Germany) 
to  every  one  to  two  hours.  An  alarm  is  generated  when  a volume 
comparison  difference  exceeds  a predetermined  setpoint.  Settings  are 
made  taking  into  account  corrected  volumes  and  system  tolerances  in 
transducers,  electronics,  power  variations,  etc. 

Capability 

This  inspection  method  can  be  used  to  inspect  for  large  leaks 
in  a short  period  of  time  and  small  leaks  over  a long  period  of  time  in 
the  OTS  pipeline  from  the  pumping  platform  to  the  onshore  storage  terminal. 


Manufacturer  and  Costs 

Volume  comparison  systems  are  commercially  available  from  a number 
of  manufacturers.  Costs  vary  widely  depending  upon  line  locations  and 
dimensions,  transducers,  and  the  required  accuracy  and  automation. 
Typical  manufacturers  of  systems  (Adec,  Daniel,  Siemens,  Waugh,  etc.) 
and  flow  transducers  are  given  in  Appendix  A.l. 


B. 7. 1(c)  (Continued) 

Advantages 

Inspections  can  be  made  on  an  almost  continuous  basis  during 
offloading.  Systems  can  be  automated  to  provide  simple  operation. 
Major  leaks  can  be  detected  in  a short  period  of  time. 

Disadvantages 

Some  of  the  main  disadvantages  of  this  method  for  inspection  are: 

(1)  Detects  leaks  after  they  occur 

(2)  Difficult  to  detect  slow  leaks  that  over  a period 
of  time  may  result  in  a major  oil  spill 

(3)  Cannot  detect  a catastrophic  OTS  failure  in  sufficient 
time  to  prevent  a major  oil  spill 

(4)  Tendency  by  operators  to  raise  set-points  to  reduce 
frequency  of  false  alarms 

(5)  Detects  leaks  only  about  once  per  hour  for  most  commonly 
used  systems 

(6)  No  incipient  failure  detection 


B. 7. 2(a)  Flow  Rate  Comparisons  - Continuous 
Principle  of  Operation 

Flow  rate  comparison  inspection  detects  pipeline  or  hose  string 
leaks  by  measuring  the  difference  in  the  rate  of  flow  at  two  locations 
(i.e.,  between  the  offshore  and  terminal  ends  of  the  OTS  pipeline). 
Computer  systems  are  available  that  can  continuously  compare  now 
rates  every  few  seconds  and  generate  an  alarm  when  deviations  exceed 
a setpoint  value  (1%  to  5%  of  normal  flow  rate).  Alarm  levels  are 
usually  set  to  take  into  account  changes  in  pumping  rate,  temperature 
or  density  of  the  oil,  etc.  A variety  of  transducers  that  provide 
signals  proportional  to  rate  of  flow  are  commercially  available.  The 
most  commonly  used  types  include  ultrasonic,  turbine  and  orifice 
plate  transducers. 

Capability 

This  inspection  method  is  generally  used  to  inspect  for  large 
leaks  in  the  OTS  pipeline  from  the  pumping  platform  to  the  storage 
terminals.  However,  the  method  also  can  be  used  for  the  hose  strings 
and  SPM  pipelines.  The  method  generally  works  best  on  lines  where 
the  flow  is  relatively  stable. 


Manufacture  and  Costs 

Flow  rate  comparison  systems  are  commercially  available  from  a 
number  of  manufacturers.  Costs  vary  widely  depending  upon  line  loca- 
tion and  dimensions,  transducers  and  the  required  accuracy  and  auto- 
mation. Typical  manufacturers  of  systems  (Daniel  Industries;  Adec, 
Inc.,  Waugh  Controls,  etc.)  and  flow  transducers  are  given  in 
Appendix  A.l . 

Advantages 

This  inspection  method  is  widely  used  and  provides  rapid  detection 
of  large  leaks. 

Disadvantages 

The  method  can  only  be  used  to  detect  major  oil  leaks.  Also, 
there  is  a tendency  by  operators  to  raise  setpoints  to  reduce  false 
alarms  and  thus  decrease  leak  sensitivity. 
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B. 7. 2(b)  Flow  Rate  Deviation  - Continuous 


This  method  provides  continuous  inspection  of  the  pipeline  or 
hose  string  leaks  by  measuring  the  deviations  in  flow  rates  at 
specific  flow  stations.  If  the  change  in  flow  rate  exceeds  a certain 
value  (for  example  unexplained  changes  of  normal  flow  rate  of  1 to 
5%,  a leak  alarm  is  sounded. 

This  inspection  method  is  similar  to  the  flow  rate  comparison 
method  (Section  B. 7. 2(a))  except  that  comparison  with  the  flow  rate 
at  another  location  is  not  required. 
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B.7.3 


Mathematical  Modeling  - Continuous  = 0.1%  Accuracy 
Principle  of  Operation 

Mathematical  modeling  is  a real-time,  computerized  monitor  of  the 
pipeline  and  hose  string  for  detection  of  small  amounts  of  oil  leakage. 
Only  losses  in  the  system  inventory  are  determined;  the  inspection  is 
a form  of  dynamic  inventorying  of  the  pipeline  product.  The 
method  consists  of  a mathematical  model  based  on  the  momentum  and 
continuity  equations  for  a specified  pipeline  and/or  hose  string 
network.  These  equations  are  solved  by  iterative  methods  with  suitable 
techniques  such  that  the  mathematical  model  is  run  in  real  time  and 
can  be  trimmed  as  required  to  fit  the  actual  pipeline.  Mathematical 
models  are  available  that  fit  the  pipeline  during  start-up  and 
compensates  for  transients  such  as  pump  start-up,  shut-down,  valve 
closures,  water-hammer  effects,  etc.  that  normally  occur  in  the 
pipeline.  In  addition,  models  can  provide  accurate  means  of  com- 
pensating for  line  pack  due  to  product  compressibility,  and  pipe-wall 
and  hose-wall  deformations. 

Modeling  methods  require  that  a significant  amount  of  information 
be  known  and  a variety  of  measurements  be  made  continuously.  These 
include  product  information  (density,  viscosity,  etc.);  pipeline 
and  hose  string  dimensions  and  materials;  valving,  and  product 
propagation  information  (flow  and  pressure  at  both  ends  of  pipeline 
anu/or  hose  string,  temperature  gradient  of  the  product,  etc,). 


Capability 

Mathematical  modeling  can  be  used  for  leak  inspection  of  the  hose 
string,  SPM  pipeline  and  platform-to-shore  pipelines.  The  method 
can  be  used  during  offloading,  not-offloading  and  static  or  hydrostatic 
leak  tests. 


Sensitivity 
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is  about  0.1%  of  the  flow  rate  at  the 


time  the  leak  occurs.  For  example,  if  100,000  barrels  per  hour 
is  offloaded,  a 100  barrel  per  hour  leak  can  be  detected. 


Manufacturer  and  Costs 

Mathematical  modeling  systems  for  leak  detection  inspection  are 
commercially  available  from  companies  such  as  Bethany  International, 
Inc.  Such  systems  are  in  current  use  on  some  oil  pipelines.  Typical 
estimated  cost  for  inspection  of  the  CALM  SPM  hose  strings  is  given 
in  Table  4-2  (Item  9 of  page  4-20)  and  in  Table  4-5  (Item  11  of  page 
4-45)  for  the  undersea  pipeline. 

Advantages 

Some  of  the  main  advantages  of  this  inspection  method  are: 

(1)  Computerized  reduction 

(2)  Some  incipient  failure  detection 

(3)  Provides  leak  detection  improvements  over 
conventional  hydrostatic  pressure  tests 
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B.7.4  Negative  Surge  (Leak  Pressure  Wave  Detection)  - Continuous 
Principle  of  Operation 

A large  pipeline  leak  that  occurs  spontaneously  (rupture)  generates 
a negative  surge  (a  negative  pressure  wave)  which  propagates  upstream 
and  downstream  at  a speed  egual  to  the  sound  speed  of  oil  (=  3300  ft/sec). 
Differential  pressure  transducers,  instal led  at  various  locations  along 
a line,  detect  the  arrival  of  the  negative  surge.  Since  the  speed  of 
propagation  and  the  wave  arrival  times  at  the  transducers  are  known, 
a leak  can  be  detected  and  located. 

Capability 

This  method  would  be  useful  primarily  for  continuous  inspection  for 
large  leaks  in  the  OTS  pipeline  from  the  pumping  platform  to  the  onshore 
storage  terminal . 

Sensitivity 

Negative  surge  systems  potentially  are  capable  of  detecting 
(within  a few  seconds)  leak  rates  greater  than  approximately  600 
barrles  per  hour  with  a location  accuracy  of  approximately  2 miles. 

Manufacturer  and  Costs 

A negative  surge  system  that  includes  transducers,  signal  processor 
and  supervisory  control  system  is  available  from  Siemens  Aktiengesellschaft 
in  Germany.  The  system  has  been  installed  and  is  in  operation  on  the 
Rotterdam-Rhine  pipeline  in  Germany. 

Advantages 

This  inspection  method  can  detect  and  locate  almost  instantaneously 
a large  pipeline  leak  and  can  be  used  advantageously  to  supplement 
other  more  commonly  used  (see  Section  B.7.2)  leak  inspection  or 
detection  systems. 

Disadvantages 

Negative  surges  caused  by  other  pipeline  operations,  such  as  pump 
start  or  stop  and  valve  closures,  must  be  accounted  for  in  the  control 
system. 
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B.8 


SPECIAL  METHODS 


Inspection  methods  described  in  this  section  are  special  non- 
destructive types  that  are  not  commonly  used  in  industry  but  can  be 
used  advantageously  for  inspection  of  many  critical  OTS  components. 
Generally,  most  of  these  methods  are  used  for  continuous  inspections 
whereas  the  non-destructive  inspections  described  in  section  B.5  are 
only  used  periodically. 

A list  of  inspection  methods  that  are  discussed  in  the  following 
subsections  are: 

(1 ) Passive  acoustic  array  for  inspection  of  leaks,  acoustic 
emissions  and  machinery  damage; 

(2)  Mooring  load  monitoring  systems; 

(3)  Laser  inspections  for  underwater  and  above-water  use; 

(4)  Electromagnetic  reflection  inspection  using  a special 
shroud  and  coaxial  cable; 

(5)  Double  walled  pipe,  pipeline  and  hose; 

(6)  External  loading; 

(7)  Thermistor,  joint-type  and  capacitor-type  seal  leak  detectors; 

(8)  Liquid  level  ; 

(9)  Continuous  thermistor. 
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B.8.1  Passive  Acoustic  Array  - Leaks 
Principle  of  Operation 

Passive  acoustic  array  inspection  for  leaks  is  based  on  the  fact 
that  the  energy  release  from  a leak  causes  continuous,  characteristic 
acoustic  waves  to  be  generated  at  the  leak  source.  These  waves  propa- 
gate away  from  the  leak  source  and  along  the  OTS  component  (hose,  pipe- 
line, etc.).  An  array  of  acoustic  transducers,  permanently  or  semi- 
permanently installed  directly  on  the  O^S  component,  detects  the  acoustic 
waves  and  converts  them  into  usable  electrical  signals.  Using  known 
wave  attenuation  characteristics  of  the  OTS  components  and  also  using 
suitable  signal  enhancement  and  processing  techniques  of  the  electrical 
transducer  signals,  leak  location  and  leakage  rate  can  be  determined. 

Capability 

Passive  acoustic  array  inspection  for  leaks  is  highly  cost-effective 
for  reducing  oil  spill  risks  by  continuously  monitoring  OTS  pipelines 
and  hose  strings.  The  method  can  also  be  used  for  monitoring  leaks  from 
other  OTS  components  such  as  pressurized  tanks,  PLEM  chamber,  PLEM  pip- 
ing, etc.  In  these  other  inspections,  the  method  may  provide  effective 
leak  detection  but  would  not  be  cost-effective  because  the  existing  oil 
spill  risks  are  typically  very  low;  thus  the  oil  spill  risk  could  not 
be  reduced  significantly.  In  isolated  cases,  however,  where  a leakage 
problem  exists,  the  acoustic  array  should  be  considered. 

An  example  of  acoustic  leak  detection  capabilities  for  a deepwater 
port  hose  is  shown  in  Figure  B-1  for  a typical  hose  test  by  Science 
Applications,  Inc.,  personnel.  A pinhole  leak  (at  approximately  20  psi) 
in  a small  diameter  DWP  submarine  hose  is  shown  in  Figure  B-1 (a).  Also 
shown  is  a typical  acoustic  transducer.  Figure  B-1(b)  shows  the 
spectrum  plot  of  amplitude  and  frequency  of  the  acoustic  transducer 
output  signal  for  this  leak.  Peak  background  noise  is  identified  in 

Figure  B-l(b)  for  the  condition  when  the  hose  leak  was  sealed  off.  Note 

the  large  amplitude  difference  between  leak  signal  and  background  noise. 
Figure  B-1(c)  shows  the  transducer  output  for  a leak  with  water  flowing 
through  the  hose.  Note  that  the  amplitude  of  the  leak  signal  is  much 

higher  than  for  flow  through  the  hose  with  no  leak. 

An  acoustic  system  for  the  hose  string  would  require  an  array  of 
transducers  installed  at  various  locations  on  the  hose  string.  Acoustic 
transducer  signals  would  be  continuously  monitored  and  an  alarm  sounded 
when  leakage  occurs.  System  electronics  (amplifier,  signal  enhancement) 
electronics,  data  processor,  chart  recorder,  etc.)  would  be  installed 
on  the  buoy.  Data  typically  would  be  transmitted  to  the  ship,  pumping 
platform  and  onshore  in  a manner  similar  to  the  commercially  available 
mooring  load  monitor  system  (see  B.8.4). 

Implementation  of  an  acoustic  array  leak  detection  system  (see  also 
B.8.2)  is  expected  to  be  more  cost-effective  and  provide  more  effective 
incipient  failure  detection  than  Improvements  in  periodic  onshore 
inspection  techniques  for  hoses. 
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ACOUSTIC  TRANSDUCER 


PINHOLE  LEAK 


(a)  DWP  SUBMARINE  HOSE  WITH  PINHOLE  AND  ACOUSTIC  TRANSDUCER 


BACKGROUND  NOISE 


FREQUENCY  > 

(b)  AMPLITUDE  AND  FREQUENCY  SPECTRUM  OF  PINHOLE  LEAK 


AMBINET  - MO  FLOW  FLOW  THROUfiH  FLOW  THROUGH  HOSE 

NO  LEAK  HOSE  AND  THROUGH  : 0.5-INCH 

DIAMETER  LEAK 

(c)  CONTINUOUS  SIGNAL  DURING  FLOW  TESTS  WITH/WITHOUT  SMALL  LEAK 


Figure  B-1  ACOUSTIC  SIGNALS  FOR  LEAKS  IN  DWP  SUBMARINE  HOSE 
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Sensitivity 

Leak  rate  detection  and  resolution  of  leak  location  depend  upon  a 
variety  of  factors  such  as  OTS  component  material,  size  and  length,  en- 
vironmental conditions  and  background  noise,  acoustic  transducer  spac- 
ing, design  and  signal  enhancement  techniques.  Hydrostatic  tests  can 
be  carried  out  to  detect  and  locate  small  leaks  that  may  not  occur  or 
be  detectable  at  normal  operating  pressure  and  flow  conditions. 

Experimental  results  indicate  that  transducer  spacings  of  1000 
feet  or  more  can  potentially  be  used  on  pipeline  and  minor  leaks  located 
within  about  one  percent  of  the  transducer  spacing.  Hose  ruptures 
can  be  detected  easily  and  hose  leaks  of  a few  barrels  per 
hour  potentially  can  be  detected. 


Manufacturer  and  Costs 

No  commercial  acoustic  array  leak  detection  system  is  currently 
permanently  installed  on  an  operation  pipeline  or  DWP  hose  string. 
However,  this  inspection  method  is  being  evaluated  wiht  other  methods 
in  a "Petroleum  Leak  Detection  Study"  for  the  Environmental 
Protection  Agency.  Although  a continuous  monitoring  acoustic  array 
system  for  hose  strings  has  been  developed  and  successfully  tested 
by  personnel  at  Science  Applications,  Inc.,  it  is  has  not  been  tested 
in  the  DWP  environment.  Estimated  costs  for  acoustic  array  systems 
are  given  in  Tables  4-2,  4-5  and  4-9. 

Advantages 

Some  of  the  main  advantages  of  this  inspection  method  are: 

(1 ) Simple 

(2)  Excellent  incipient  failure  detection 

(3)  Requires  little  or  no  interpretation 

(4)  Computerized,  automated  system  can  be  adapted  to 
existing  OTS  control  system 

(5)  Can  be  used  underwater, 

(6)  Can  be  used  during  normal  OTS  operations 

(7)  Permanent  records 

(8)  Continuous  monitoring 

Disadvantages 

This  inspection  method  is  of  medium  cost  and  is  currently 
in  the  testing  and  engineering  phase.  System  effectiveness  and 
performance  specifications  are  uncertain;  environmental  and 
operational  tests  must  be  carried  out  before  installation  for 
operational  use  at  a DWP. 
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Passive  Acoustic  Array  - Acoustic  Emission 


Principle  of  Operation 

Experimental  results  have  shown  that  acoustic  signals,  generated 
in  an  OTS  component  from  external  impacts,  excessive  internal  stresses, 
material  defects  and  damage,  accompany  internal  stresses  just  before 
a leak  or  material  failure.  Each  event  produces  a characteristic  signal 
that  can  be  differentiated  from  the  other.  These  acoustic  signals  are 
commonly  called  "acoustic  emissions"  and  are  excellent  indicators  of 
incipient  failure.  Generally,  these  acoustic  emissions,  except  for 
external  impacts,  are  repetitive.  Repetition  rate  usually  increases 
to  a peak  value,  drops  off  slightly,  and  the  increases  dramatically  just 
before  a critical  material  failure  or  leak  occurs.  The  acoustic  emissions 
occur  only  when  the  OTS  component  is  stressed  - externally  loaded  or 
pressurized.  Acoustic  emission  signals  are  complex,  dependent  on 
structure  and  fault  type  and  the  frequency  typically  extends  to  the 
megahertz  range. 

The  same  acoustic  system  (see  B.8.1)  that  is  used  for  leaks,  with 
additions  to  the  signal  processor,  can  be  used  to  detect  the  acoustic 
emission  signals.  Acoustic  transducers  convert  the  waves  into 
electrical  signals.  Using  known  wave  attenuation  characteristics  of  the 
OTS  components  and  also  suitable  signal  enhancement,  counting  and 
processing  techniques,  the  location  and  condition  of  the  flawed  area 
can  be  determined. 

Capability 

Passive  acoustic  array  inspections  using  acoustic  emissions  can  be 
applied  to  effectively  reduce  oil  spill  risks  by  continuously  monitoring 
hose  strings,  mooring  line  and  pipelines.  The  method  can  also  be  used 
for  monitoring  leaks  from  other  OTS  components  such  as  pressurized  tanks, 
PLEM  chamber,  PLEM  piping,  pumping  platform  support  structure,  etc. 

In  these  latter  cases,  the  method  may  provide  effective  incipient  failure 
detection  but  would  not  be  cost-effective  because  existing  oil  spill 
risks  are  typically  very  low;  thus,  the  oil  spill  risk  could  not  be 
reduced  significantly.  In  isolated  cases,  however,  when  a potential 
leakage  or  structural  failure  problem  exists,  the  acoustic  array  should 
be  considered. 
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B.8.2  (Continued) 

An  acoustic  system  on  the  hose  string,  for  example,  would 
normally  include  both  leak  detection  capabilities  as  described  in 
B.8.1  and  acoustic  emission  failure  detection. 

An  array  of  acoustic  transducers  would  be  installed  at  various 
locations  on  the  hose  string.  Acoustic  transducer  signals  would  be 
monitored  continuously  and  an  alarm  sounded  when  either  leakage  occurs  or 
acoustic  emission  rates  become  excessive.  System  electronics 
(amplifiers,  signal  enhancement  electronics,  data  processor,  recorder, 
alarms,  etc.)  would  be  installed  on  the  buoy.  Data  typically  would 
be  transmitted  to  the  ship,  pumping  platform  and  onshore  in  a manner 
similar  to  the  commercially  available  mooring  load  monitor  system 
(see  B.8.4).  A microprocessor  or  minicomputer 

would  be  used  on  the  pumping  platform  or  onshore  to  automatically  store 
data  and  would  be  programmed  to  sound  an  alarm  for  excessive  acoustic 
emission  rates.  System  v^ould  provide  detection  and  location  of 
leakage  and  flawed  or  damaged  areas. 

A similar  type  acoustic  system,  except  that  leakage  would  not 
be  monitored,  could  be  used  for  the  mooring  line  or  pumpinq  platform 
structure.  In  the  case  of  the  mooring  line,  the  system  would  be 
used  in  the  following  ways:  1)  detect  ship  breakout;  2)  provide 
incipient  failure  detection  of  the  mooring  line  by  detecting  when 
the  mooring  line  is  approaching  an  unsafe  condition.  The  unsafe 
condition  is  detected  when  the  acoustic  emission  rate  reaches  an 
unsafe  level,  which  would  have  to  be  predetermined  in 
the  laboratory  on  a sufficient  number  of  representative  samples; 

3)  provide  incipient  failure  detection  of  the  mooring  line  by 
monitoring  historical  acoustic  emission  data  external  losses.  External 
loading  calibrations,  using  an  increased  loading  schedule  or 
possibly  a weekly  schedule,  are  highly  desirable.  Calibrations  would 
be  computerized  to  reduce  costs  and  reduce  interpretation  of  the 
mooring  line  condition  by  operating  personnel.  The  main  problem 
with  this  inspection  method  is  that  although  incipient  failure 
acoustic  emission  profiles  prior  to  ship  breakout  would  follow  normal 
incipient  failure  profiles,  some  interpretation  is  required  concerning 
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the  amount  of  time  before  failure  occurs.  Nevertheless,  there  would 
be  sufficient  time  to  detect  a catastrophic  failure  and  stop 
unloading.  This  inspection  method  also  is  capable  of  providing  the 
location  of  the  specific  areas  where  defects  are  appearing. 

Sensitivity 

Defect  location  depends  upon  a variety  of  factors  such  as 
OTS  component  material,  size  and  length,  acoustic  transducer  spacing, 
design  and  signal  processing  techniques.  Hydrostatic  tests  can  be 
used  to  enhance  the  defect  so  that  it  can  be  detected,  whereas  it  might 
not  be  detected  at  normal  operating  and  flow  conditions. 

Manufacturer  and  Costs 

Acoustic  emission  monitoring  systems  have  not  been  applied 
to  mooring  lines  but  have  been  used  successfully  in  similar  types  of 
applications  (i.e..  Reference  45).  These  systems  currently  are  being 
tested  on  offshore  platforms  in  Europe  to  detect  and  locate  crack 
extensions  due  to  fatigue.  An  acoustic  emission  monitoring  system 
has  been  developed  and  successfully  tested  on  hose  sections  by 
personnel  at  Science  Applications,  Inc.,  but  it  has  not  been  tested 
in  the  DWP  environment. 

Estimated  costs  for  acoustic  array  systems  are  given  in 
Table  4-2,  4-5  and  4-9  for  various  OTS  components. 

Advantages 

Some  of  the  main  advantages  of  this  inspection  method  are: 

(1)  Excellent  incipient  failure  detection 

(2)  Computerized  automatic  system  can  be  adopted  to  existing 
OTS  control 

(3)  Commercial  system  for  periodic  proof  testing  of 
tanks,  pressure  vessels,  etc.  are  available 

(4 ) Can  be  used  underwater 

(5)  Can  be  used  during  normal  OTS  operations 

(6 ) Permanent  records 

(7)  Can  be  used  in  all  weather  and  darkness 

(8)  Continuous  monitoring 

Disadvantages 

The  main  disadvantage  of  acoustic  emission  inspection  is  that 
incipient  failure  data  are  subject  to  interpretation  as  to  the 
severity  of  the  defect  and  are  the  length  of  time  the  defect  grows  to 
a critical  size  and  then  causes  leakage  or  rupture. 
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(This  inspection  does  provide  defect  location  for  further  inspection  by 
other  means.)  The  method  also  is  of  medium  cost.  Finally,  system 
effectiveness  and  performance  specifications  are  uncertain;  environ- 
mental and  operational  tests  must  be  carried  out  for  hose  string  and 
mooring  system  applications  before  installation  and  operational  use 
at  a DWP.  See  Section  5.3  for  recommendations  for  further  development. 


B.8.3  Passive  Acoustic  and  Miscellaneous  Methods  - Machinery 
Internal  Defects 

Principle  of  Operation 

Acoustic  transducers  or,  in  some  cases  accelerometers,  strain 
gages,  or  vibration  transducers  are  hand  held  or  permanently  installed 
on  machinery.  These  transducers  detect  the  abnormal  acoustical 
or  vibrational  stresses  that  begin  when  internal  defects,  such  as 
bearing  damage,  start  to  occur  in  machinery.  These  transducers  are 
usually  monitored  continuously  and  a variety  of  signal  enhancement 
techniques  are  used  to  discriminate  the  internal  damage  from  background 
noise  of  the  machinery  or  external  noise  sources. 

Capability 

For  inspection  of  most  DWP  machinery,  the  method  provides 
for  good  incipient  failure  detection  so  that  internal  defects  can  be 
repaired  before  the  machinery  undergoes  excessive  damage  or  fails. 
Defects  such  as  bearing  or  valve  damage  can  easily  be  detected. 

Sensitivity 

This  inspection  method  gives  a good  indication  of  impending 
machinery  failure  but  does  not  provide  an  exact  quantitative  value. 

Manufacturer  and  Costs 

Inspection  systems  that  are  continuous  or  periodic  are 
commercially  available  from  a number  of  companies,  (see  Appendix  A). 


Advantages 

A few  advantages  of  this  inspection  method  are: 

M)  Commercial  system  available 

(2)  Good  incipient  failure  detection 

(3)  Reduces  machinery  maintenance  cost 

(4)  Permanent  record 

(5)  Continuous  monitoring 

Disadvantages 

Data  are  subject  to  interpretation  as  to  the  severity  of  the 
internal  defect,  but  the  existing  system  generally  gives  adequate 
warning  before  an  internal  defect  causes  excessive  damage  or  failure 
of  machinery.  Although  the  inspection  method  generally  reduces  machinery 
maintenance  costs,  it  is  not  cost-effective  in  reducing  the  oil 
spill  risks.  This  is  because  the  oil  spill  risk  from  machinery 
failure  is  already  extremely  low. 


B.8.4  Strain  Gage  Load  Sensor  - Mooring  Load  Monitor 
Principle  of  Operation 

Strain  gage  load  sensors  or  other  similar  types  of  load  sensors 
(Piezo  electric.  Piezo-resistive)  can  be  used  advantageously  to 
inspect  periodically  or  continuously  for  excessive  T0Si,\ng  of  many 
OTS  components.  A good  example  of  this  method  that  also  illustrates 
the  principal  of  operation  is  given  in  the  following  paragraph. 

The  most  effective  load  sensor  inspection  system  for  a deepwater 
port  are  those  that  are  installed  to  monitor  mooring  loads  at  the  buoy 
of  a SPM.  The  buoy  is  fitted  with  a load  cell,  an  inclinometer  (if  a 
SALM  SPM  is  used),  a signal  conditioning  unit,  telemetry  transmitter 
and  a power  supply.  The  load  cell,  which  produces  an  electrical 
signal  proportional  to  an  applied  load,  is  used  to  monitor  tnooring 
line  loads  at  the  SPM.  Two  of  the  load  cell  arrangements  that  can  be 
used  are  in-line  tensile  stress  type  and  a shear  pin  type.  In  the 
case  of  a SALM  SPM  buoy  heel  information  is  obtained  using  an 
inclinometer.  The  signal  conditioning  unit  processes  the  input  signal 
from  the  load  cell  and  inclinometer.  The  conditioned  signal  is  then 
transmitted  to  the  ship  and/or  pumping  platform  where  the  signal 
is  decoded  and  load  and  heel  angle  (SALM  only)  are  displayed  and 
recorded.  Alarm  signals  for  excessive  loadings  and  ship  breakout  can 
be  generated  at  the  SPM  buoy,  ship,  pumping  platform  and  onshore. 

Capability 

Strain  gage  load  sensors  are  used  primarily  for 
monitoring  mooring  system  loads  at  the  SPM  buoy.  For  this  application 
three  main  capabilities  exist: 

(1)  Ship  breakout  can  be  detected  instantaneously  and 
alarm  sounded 

(2)  Provides  incipient  failure  detection  by  giving  and 
alarm  when  tanker  loads  reach  an  unsafe  level 

(3)  Provides  incipient  failure  detection  by  monitoring 
historical  data  on  hawser  fatigue 

Also,  monthly  or  bimonthly  calibration  of  the  load  monitor  inspection 
system  and  mooring  line  using  a scheduled  loading  sequence  (similar 
to  what  is  done  in  wind  tunnels,  for  example)  is  desirable.  This 
would  provide  load  history  calibrations  of  the  mooring  line  that  could 
be  used  to  aid  in  the  interpretation  of  the  mooring  line  condition. 
Calibrations  can  be  computerized  at  a nominal  cost;  this  would 
significantly  reduce  interpretations  of  mooring  line  condition  by 
operating  personnel. 
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Load  monitoring  can  also  be  used  on  other  OTS  components  such  as 
the  hose  string  end  flange,  excessive  loadings  at  high  load  sections 
of  the  hose  string  and  improper  loads  at  the  hose  arm.  In  addition, 
the  telemetry  and  data  acquisition  system  used  with  the  inspection 
method  can  accommodate  other  continuously  monitoring  inspection 
methods  or  sensors  such  as  an  acoustic  array,  and  pressure  and  flow 
sensors  that  may  be  used  at  or  near  the  SPM  buoy. 

Sensitivity 

It  is  estimated  that  the  system  for  mooring  load  monitoring  has 
an  accuracy  of  about  5 percent.  Periodic  external  loading  calibrations 
with  computerized  would  improve  the  system  accuracy  and 

system  effectiveness. 

Manufacture  and  Cost 

These  types  of  inspection  systems  or  load  monitoring  are 
commercially  available  from  Ocean  Technical  Services,  Ltd.  and  SBM  of 
America.  Cost  of  a typical  system  for  one  SPM  is  slightly  under 
$100,000.  Estima'oed  yearly  costs  for  a hypothetical  deepwater  port  is 
given  in  Table  4.3. 

Advantages 

Some  of  the  main  advantages  of  the  strain  gage  mooring  load 
monitoring  system  are: 

(1)  Excellent  incipient  failure  detection 

(2)  Highly  cost-effective 

(3)  Provides  permanent  records 

(4)  Provides  history  of  mooring  loads 

(5)  Continuous  monitoring 

(6)  Unaffected  by  environment 

(7)  Detects  ship  breakout 

(8)  Typical  data  system  on  SPM  buoy  can  accommodate  other 
inspection  equipment 

Disadvantages 

This  inspection  method  is  of  medium  cost  and  requires  some 
personnel  training.  Also,  performance  and  reliability  at  deepwater 
ports  is  uncertain. 


B. 8. 5(a)  Laser  Detection  - Underwater 


Principle  of  Operation 

A laser  system  is  mounted  along  an  underwater  pipeline  or 
other  OTS  component.  A continuous  laser  beam  is  aimed  along  the  pipeline 
to  a detector  mounted  further  away.  Light  transmittance  would 
decrease  with  escaping  oil.  Thus  a leak  can  be  detected. 

Capability 

Inspection  of  OTS  components  such  as  undersea  pipeline, 
hose  string,  SALM  SPM,  CALM  underbuoy  hoses,  etc.  provides  some 
incipient  failure  detection;  minute  leaks  that  can  lead  to  an  oil  spill 
potentially  can  be  detected  before  an  oil  spill  incident  occurs. 

Sensitivity 

Sensitivity  depends  on  a number  of  factors  such  as  laser 
source,  laser  power  and  detector  spacing.  It  is  expected  that 
very  small  oil  spills  or  minute  leaks  can  be  detected. 

Manufacturer  and  Costs 

This  inspection  is  in  the  feasibility  stage  of  development. 
However,  it  has  been  used  successfully  for  fog  and  smog  measurements. 

Advantages 

This  inspection  method  would  be  continuous  monitoring  and 
would  provide  some  incipient  failure  detection. 

Disadvantages  and  Limitations 

This  inspection  method  has  a number  of  disadvantages  and 
limitations.  Some  of  these  are: 

(1  ) Feasibility  stage  for  underwater 

(2 ) High  cost 

(3)  Environment!  that  the  equipment  is  subjected  to  makes 
practical  application  difficult  at  best 

(4)  Detects  a leak  only  after  it  occurs 

(5)  Requires  highly  trained  personnel 

(6)  Many  of  the  components  proposed  for  monitoring  by  a 
laser  are  not  straight.  Hence,  inspection  may  not 
be  practical  even  it  successfully  developed  beyond 
the  feasibility  stage. 


B. 8. 5(b)  Laser  Detection  - Above  Water 


Principle  of  Operation 

Laser  detection  is  an  inspection  method  which  can  only  be 
applied  after  a leak  has  occurred.  The  laser  would  be  placed  on  a high 
point  on  the  pumping  platform  which  could  oversee  the  SPM  buoy,  hoses, 
and  other  DWP  components.  A periodic  traverse  in  a fixed  plane  from 
shore  to  terminal  along  the  pipeline  and  hose  string  would  be  used  in 
measuring  the  laser  beam  absorbed  at  the  water  surface.  By  choosing  a 
wave  length  which  is  readily  absorbed  by  oil,  extremely  small  amounts 
of  oil  can  be  detected. 

Capability 

Inspection  of  oil  leaks  from  OTS  pipelines,  pumping  platform, 
SPM,  and  hose  string. 


Sensitivit 


nor  or  medium  oil  spills 


Manufacturer  and  Costs 

Laser  ii.spection  systems  have  been  successfully  tested  for 
remote  sensing  systems  of  oil  leaks  on  water.  Mo  tests  have  been 
carried  out  for  DWP  application  and  environment.  Costs  of  a system 
are  expected  to  be  high.  Trained  personnel  may  be  required  to 
operate  and/or  maintain  the  system. 

Advantages 

Continuous  monitoring  for  minor  or  medium  oil  spills  around 
pumping  platform,  particularly  in  location  where  undersea  piping 
1 connects  to  pumping  platform. 


Disadvantages 

Some  of  the  main  disadvantages  are: 

(1 ) High  cost 

(2)  Requires  trained  personnel 

(3)  Affected  by  bad  weather 

(4)  Detects  leaks  only  after  they  occur  and  oil  rises  to 
the  surface  and  in  the  Laser's  beam. 

(5)  Developmental/engineering  stage  for  DWP  usage 

(6)  Requires  very  high  platform  to  scan  water  around  SPMs. 

In  additions,  atmospheric  condition  would  prevent  system 
from  functioning  effectively,  if  at  all. 
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B.8.6  Shroud  with  Electromagnetic  Pulsed  (EMP)  Coaxial  Cable 
Principle  of  Operation 

This  inspection  method  can  be  used  continuously  to  detect 
and  locate  leaks  using  an  electromagnetic  pulse  reflection  technique 
with  a special  coaxial  cable  and  shroud  positioned  above  the  OTS 
components.  The  coaxial  cable  would  have  breaks  in  the  outer  conductor 
which  would  be  bridged  electrically  by  salt  water.  A pulse  sent  down 
the  cable  would  pass  through  the  entire  length  and,  depending  on 
electrical  termination,  be  reflected  back  to  the  sending  end.  If, 
however,  a leak  should  develop  in  the  pipeline,  the  petroleum  product 
could  be  collected  in  a suitable  shroud  enclosing  the  cable  break. 

When  the  insulating  fluid  would  displace  the  conductive  sea  water,  the 
cable  would  be  electrically  opened  at  that  point.  A pulse  sent  down  the 
cable  would  then  be  reflected  at  the  break  pinpointing  the  leakage 
site.  A typical  system  would  include  a short  circuit  termination 
of  the  cable  that  would  cause  an  inverted  pulse  to  be  reflected  back  to 
the  sending  end.  The  inverted  pulse  would  establish  the  integrity  of  the 
cable;  a non-inverted  reflection  would  indicate  oil  leakage. 

Capability 

Continuous  inspection  for  small  amounts  of  oil  leakage  from 
OTS  components  such  as  undersea  pipeline,  underground  pipeline, 

SALM  SPM,  CALM  underbuoy  hoses,  etc.  provides  good  detection  of  incipient 
failures,  minute  leaks  that  can  lead  to  an  oil  spill  can  be  detected 
and  located  before  an  oil  spill  incident  occurs. 

Sensitivity 

Minute  oil  leaks  can  be  detected  and  then  located  within 
a few  feet. 

Manufacturer  and  Costs 

This  inspection  method  has  been  successfully  tested  under  laboratory 
conditions.  Typical  system  costs  for  typical  DWP  hose  strings  are 
expected  to  range  from  $100,000  to  $150,000.  Estimated  costs  of  typical 
systems  for  various  OTS  components  are  included  in  Tables  4-2,  4-5  and 
4-9. 

Advantages 

Some  of  the  main  advantages  are: 

(1)  The  inspection  technique  is  simple  to  understand  and 
operate 

(2)  Continuous  inspections 

(3)  Good  incipient  failure  detection 

(4)  Can  be  incorporated  into  OTS  control  and  monitoring 
system 
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Disadvantages 

The  shroud  and  pulsed  coaxial  cable  may  be  difficult  to  maintain 
because  of  potential  damage  from  marine  growth,  corrosion,  debris, 
damage  from  external  impacts,  hose  string  movement,  etc.  Thus, 
system  effectiveness  is  undertain  and  actual  DWP  tests  must  be  carried 
out  before  such  a system  is  implemented  for  actual  use.  Also,  the 
method  is  expected  to  be  of  medium  cost  and  detects  leaks  only  after 
they  occur. 
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Double  Walled  Pipe 
Principle  of  Operation 

Double  walled  pipe  inspection  method  requires  the  use  of  a double 
walled  pipe  with  the  one  transferring  the  fluid  to  be  centered  inside 
the  other.  A variety  of  oil  detectors  is  suitable  to  detect  and  locate 
leaks  from  the  inner  pipe.  Detectors  would  be  located  at  the  top  and 
bottom  of  the  large  pipe. 

Capability 

All  OTS  pipelines  and  piping. 

Sensitivity 

Potentially  more  sensitive  than  any  other  inspection  method. 
Manufacturer  and  Costs 

Installation  of  a double  walled  pipe  inspection  system  is  very 
expensive  and  complicated  for  long  pipeline.  The  method  is  of  low  cost 
and  cost-effectiveness  for  short  lengths  of  pipe. 

Advantages 

The  method  provides  continuous  inspection  and  excellent  incipient 
failure  detection.  It  can  be  cost-effective  for  short  lengths  of  piping 
at  potential  leak  areas.  Additionally,  the  double  walled  pipe  provides 
a system  to  contain  leaked  oil. 

Disadvantages 

A double  walled  pipe  inspection  system  is  very  costly  for  long 
pipelines  and  has  not  been  used. 
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B.8.8  Double  Walled  Hose 
Principle  of  Operation 

Double  walled  hose  inspection  requires  the  use  of  a double  walled 
hose  with  one  transferring  the  fluid  to  be  centered  inside  the  other. 
Leaks  from  the  inner  hose  cause  the  outer  more  elastic  hose  wall  to 
expand  and  bulge.  Visual  inspection  of  the  hose  is  sufficient  to 
detect  the  bulge  in  a hose  caused  by  an  oil  or  water  leak. 

Capability 

Potentially  can  be  used  for  all  SPM  floating  or  underwater  hoses. 
Sensitivity 

Sensitive  enough  to  inspect  for  leakage  volumes  of  less  than  a 
few  barrels. 

Manufacturer  and  Cost 

This  hose  is  manufacturered  by  Dunlop  and  currently  costs  about 
50%  more  than  a standard  DWP  hose. 

Advantages 

Some  of  the  main  advantages  are: 

(1)  Simple  inspection 

(2)  Excellent  incipient  failure  detection 

(3)  Commercially  available  for  some  sections  of  the  hose  string 

(4)  Contains  the  leaked  oil  thus  preventing  small  oil  spills 

Disadvantages 

The  main  disadvantage  of  this  inspection  method  is  that  the  requirec 
hose  is  expensive;  if  implemented  for  all  the  hoses  on  a hose  string, 
the  cost-effectiveness  is  quite  low.  Hosever,  if  implemented  in  a 
few  critical  areas,  such  as  the  first  hose  off  the  CALM  buoy,  where 
leakage  from  the  hose  string  occurs  the  most  frequently,  the  method 
may  be  of  cost-effectiveness.  The  reliability  is  uncertain  because 
damage  to  the  outer  cover  may  allow  leakage  rather  than  bulging.  Also, 
damage  to  the  inner  hose  could  occur  and  might  not  be  detected  by 
visual  inspection. 
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B.8.9  External  Load 


Principle  of  Operation 

The  inspection  merely  requires  that  test  loadings  be  applied  to 
various  OTS  components  using  ships,  for  example,  to  pull  on  the  hawser 
lines  or  anchor  chains.  Visual  inspections  of  the  condition  of  the 
OTS  component  and/or  size  measurements  are  taken. 

Capability 

Checks  for  external  damage  and  size  measurements  (lengths, 
diameters,  chain  links,  etc.)  of  OTS  components  such  as  hawsers  and 
anchor  chains.  External  loading  can  be  used  in  calibration 
inspection  systems  such  as  a mooring  load  monitor  system  or  acoustic 
array  for  the  mooring  system. 

Sensitivity 

Requires  visual  inspection  or  other  inspection  method  to  detect 
and  locate  flaws. 

Advantages 

Some  potential  advantages  are: 

(1)  Simple 

(2)  Some  incipient  failure  detection 

(3)  Can  be  used  to  calibrate  other  inspection  systems 

Disadvantages 

The  method  has  a medium  cost. 
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B. 8. 10(a)  Seal  Leak  Detector  - Thermistor  Type 
Principle  of  Operation 

A small,  hand-held,  portable  detector  is  placed  over  the  area  to 
be  inspected  for  leakage  and  the  OTS  component  pressurized  with  a gas. 
The  detector  device  includes  a flexible  seal  that  is  placed  over  the 
inspected  area  and  a heated  thermistor  (within  a conductivity  cell) 
that  senses  the  gas  leaking  into  the  sealed  area.  Gas  passing  over 
the  thermistor  will  cool  it  and  thereby  cause  a change  in  its 
resistance.  A second  thermistor  is  used  as  a reference.  Both  are 
used  in  a Wheatstone  bridge  configuration  with  voltage  applied.  Any 
resistance  change  results  in  a voltage  change  that  is  displayed  on 
a hand  held  digital  readout  device.  The  inspection  unit  includes  an 
audio  output  that  is  set  to  turn  on  at  an  arbitrary  leak  level. 

Capability 

Inspection  of  a variety  of  OTS  components  such  as  hose  string 
flanges,  SALM  SPM  fluid  swirl,  hoses,  pipeline,  etc. 

Sensitivity 

About  10"°  scc/s  for  nitrogen  gas 
Manufacturer  and  Cost 

Experimental  device  that  has  been  developed  by  McDonnell  Douglas 
Corporation  (Reference  33)  primarily  for  space  applications. 

Advantages 

This  inspection  method  is  low  cost  and  simple  to  carry  out.  It 
provides  good  incipient  failure  detection  because  very  small  leaks  can 
be  detected  at  elevated  pressures  that  may  not  be  detected  at  normal 
operating  conditions. 

Disadvantages 

Out-of-service  inspections  are  required  and  the  inspection  device 
is  not  commercially  available.  Also,  the  inspection  device  has  not 
been  tested  for  underwater  use. 
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B. 8. 10(b)  Seal  Leak  Detector  - Joint  Type 


Principle  of  Operation 

The  inspection  method  requires  the  use  of  an  inspection  device  that 
is  typically  placed  inside  OTS  components  such  as  large  diameter 
pipelines  or  hose  strings.  End  element  tubes,  that  are  wrapped  around 
a solid  cylindrical  fixture,  are  positioned  on  each  side  of  the  joint 
or  area  to  be  inspected  and  pressurized  to  provide  a good  seal  between 
the  end  elements  and  the  OTS  component.  Then  the  area  in  between  the 
tubes  is  pressurized  (currently  to  a maximum  of  300  psi  with  a liquid  and 
10  psi  with  a gas)  and  this  pressure  is  monitored  with  a pressure  gage. 
Decrease  in  gage  pressure  will  indicate  a bad  joint  or  leak. 

Capabil ity 

This  inspection  method  typically  is  used  during  new  construction 
to  check  joint  tightness  of  large  diameter  sewer  pipe,  storm  drains, 
and  hig  pressure  piping.  However,  under  some  conditions  it  can  be  used 
on  older  pipelines  and  piping.  This  method  is  simple  to  apply  and 
potentially  can  be  used  to  check  leaks  in  joints  of  large  pipelines 
and  pipes  (27  to  120  inches  diameter)  and  in  hose  string  flange 
connections.  The  device  potentially  could  be  adapted  for  inspections 
that  are  carried  out  externally  on  piping,  pipelines,  and  hose 
strings. 

Manufacturer  and  Costs 

This  inspection  equipment  is  commercially  available  at  low 
pressures  from  Cherne  Industrial,  Inc.  and  at  high  pressure  to  at  least 
300  psi  from  Sanderlans  & Son.  Costs  of  the  inspection  device  are 
less  than  $5,000. 

Advantages 

Some  of  the  potential  advantages  of  this  device  are: 

(1 ) Simple  to  use 

(2)  Low  cost 

(3)  Can  potentially  be  used  to  check  leaks  in  flange  seals 
of  hose  strings 

(4)  Commercially  available 

(5)  Some  incipient  failure  detection 

(6)  Reduces  the  need  to  pressurize  lines 

Disadvantages 

Out-of-service  inspections  are  required.  Also,  some  minor 
development  of  this  inspection  device  may  be  required  for  practical 
application  to  DWP's. 
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B.  8, 10(c)  Seal  Leak  Detector  - Capacitive  Type 
Principle  of  Operation 

This  inspection  method  requires  the  use  of  a caoacitor- 
type  detector  for  inspection  of  leaking  flange  seals.  A variety  of 
techniques  can  be  used  for  this  inspection  but  in  general  the 
following  approach  is  used.  A capacitive  material  is  placed  in 
between  two  externally  insulated  copper  electrodes.  Oil,  air,  or 
water  leaking  through  the  material  to  the  outside  of  a flange  changes 
the  impedance  and  capacitance  in  a complex  manner.  The  change  is 
detected  by  an  electronic  system  attached  to  the  copper  electrodes. 

Capability 

Primarily  for  inspection  of  leaking  OTS  flanges,  such  as 
those  used  to  connect  hose  sections  of  a hose  string.  Inspections 
could  be  carried  out  continuously  using  an  electronic  system  or 
an  on  a periodic  schedule. 

Sensitivity  _3 

Better  than  10"  scc/s 

Manufacturer  and  Costs 

Inspection  devices  are  commercially  available  and  are  low  cost. 
Others  such  as  the  ones  described  in  Reference  36  are  experimental. 
Suitable  devices  for  OTS  hose  flanges  would  require  some  minor 
development  costs. 

Advantages 

Some  of  the  main  advantages  are: 

0)  Simple 

(2)  Low  cost 

(3)  Good  incipient  failure  detection 

(4)  Commercial  devices  are  available 

(5)  Continuous  monitoring 

Disadvantages 

This  inspection  method  requires  the  detector  to  be 
designed  as  part  of  the  OTS  component.  Also,  the  detectors  have 
not  been  tested  for  DWP  environments. 
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B.8.n 


Liquid  Level  Sensor 
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Principle  of  Operation  ..  . 

rhis  inspection  method  requires  that  an  inspection  device 

be  installed  in  the  inside  or  on  the  outside  of  the  inspected  OTS 
component.  Liquid  levels  can  be  detected  by  both  intrusive  and 
non-intrusive  liquid  level  detectors.  A variety  of  types  of  sensors 
such  as  ultrasonic,  optical,  microwave,  nuclear,  etc.  can  be  used. 
Continuous  operation  is  typically  used  and  monitoring  is  normally 
done  remotely  and  set-point  alarms  included. 

Applications 

OTS  tanks,  piping,  dike  levels,  etc. 


Sensitivity 

Better 


than  1%  accuracy  of  liquid  level  depth. 


Manufacturer  and  Costs 

Liquid  level  sensing  systems  are  available  from  numerous 
manufacturers  at  costs  below  a few  thousand  dollars  (see  Appendix  A). 


Advantages 

Some  of  the  main  advantages  are: 

(1)  Simple  to  implement  and  operate 

(2)  Low  cost 

(3)  Some  incipient  failure  detection 

(4)  Commercially  available 

(5)  Continuous  monitoring 
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B.8.12  Continuous  Thermistor 
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Principle  of  Operation 

This  inspection  method  requires  that  a thermistor  sensing  device 
be  placed  above  and  along  the  inspected  OTS  components.  Oil  leaks 
produce  a marked  change  in  the  properties  of  the  continuous  thermistor 
type  cable  that  is  used. 

Capability 

Continuous  detection  of  oil  leaks  in  hose  strings  and  underground 
and  undersea  pipelines. 

Sensitivity 

This  has  mt  been  determined. 

Manufacturer  and  Costs 

The  inspection  device  developed  by  Allison  Control  is  in  the 
feasibility-experimental  stage  for  most  DWP  applications. 

Advantages 

The  main  advantage  is  continuous  monitoring  capability. 
Disadvantages 

The  major  disadvantages  are: 

(1)  Projected  medium  cost 

(2)  Sensitivity  and  feasibility  for  use  at  DWPs  have  not  been 
demonstrated. 
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MISCELLANEOUS  METHODS 


A variety  of  various  types  of  inspection  methods  with  somewhat 
limited  capabilities  are  included  in  this  section.  Many  of  the 
methods  included  here  are  for  inspection  of  a specific  OTS  component 
with  a minimal  expected  reduction  in  the  oil  spill  risk.  Other 
methods  are  limited  in  use  because  of  deepwater  port  environmental 
conditions.  Finally,  onshore  inspections  currently  used  for  hoses  are 
identified.  These  methods,  on  occasion  could  be  used  to  inspect  hose 
sections  that  are  in  use  or  that  have  been  disconnected  from  the 
hose  string. 
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B.9.1  Hydrocarbon  Probe  (Sniffer) 

Principle  of  Operation 

Tnis  inspection  method  utilizes  a probe  to  detect  the  hydrocarbons 
emitted  from  an  oil  leak  in  an  undersea  pipeline.  Hydrocarbon  probes 
with  associated  systems  are  capable  of  continuous  analysis  of  dissolved 
hydrocarbon  gases,  ethylene,  ethane,  etc.  Thus,  the  method  can  be  used 
to  identify  leakage  from  an  undersea  pipeline  versus  natural  underground 
seeps,  as  distinguished  by  their  characteristic  hydrocarbon  ratios. 

The  probe  is  mounted  in  a mechanical  towfish  that  is  placed  near  the 
bottom  surface  and  at  some  distance  behind  a pulling  boat  which  is 
equipped  with  a winch  to  accomodate  the  twofish.  The  signal  from 
the  hydrocarbon  probe  is  conditioned  and  then  sent  up  the  towing  cable 
to  an  analyzer  and  recorder  on  the  pulling  boat.  A pressure  sensor 
usually  is  mounted  in  the  towfish  to  provide  depth  measurement. 


Capability 

This  inspection  method  provides  a quick  survey  of  the  undersea 
pipelines  for  small  or  minor  oil  leaks  that  may  not  be  visible  on 
the  ocean  surface.  It  can  also  be  used  to  inspect  for  oil  that  may 
settle  on  the  ocean  bottom  from  leakage  of  an  OTS  component.  The 
device  can  be  towed  at  fairly  high  speed  (6-8  knots)  and  thus  can 
be  used  to  inspect  a long  section  of  pipeline  in  a single  day. 

Sensitivity  _q 

Analytical  sensitivity  typically  about  5 x 10  ^ ml  hydrocarbon 
per  ml  water. 

Manufacturer  and  Costs 

Hydrocarbon  probe  systems  with  towfish,  are  commercially 
available,  e.g.,  from  Inter  Ocean  Systems,  Inc.  The  towfish  and  probe 
costs  are  typically  less  than  $50,000.  Inspection  services  are 
available  at  daily  costs  of  less  than  $750  (including  operator). 

Advantages 

Some  of  the  main  advantages  are: 

(1)  Simple 

(2)  Low  cost 

(3)  Commercially  available  and  inspection  services  available 

(4)  Good  incipient  failure  detection 

(5)  Provides  continuous  record 

(6)  Fast  inspection 
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B.9.2 


Laser  Holographv 


Principle  of  Operation 

This  inspection  method  can  be  applied  to  OTS  components  to 
inspect  for  small  changes  in  surface  characteristics  of  the  component 
material  under  stress  that  may  be  indicative  of  potential  failure. 
Laser  holography  systems  have  been  in  existence  for  at  least  the 
past  ten  years.  However  the  systems  still  are  complex  and  the  exact 
mathematical  analysis  is  beyond  the  scope  of  this  report.  Detailed 
descriptions  and  analysis  are  available  in  the  literature.  In  brief, 
the  surface  to  be  inspected  is  irradiated  with  laser  light  and  high 
resolution  film  is  exposed  by  laser  light  reflected  from  surface. 
Developed  film  produces  a 3 dimensional  hologram.  If  surface 
undergoes  a topographical  change,  another  exposure  is  made  on  the 
same  film  and  minute  changes  in  topography  can  be  recorded, 
tiaterial  changes  can  be  detected  by  fringe  patterns  shown  on 
holographic  reconstructions. 

Capability 

The  method  can  be  used  for  inspection  of  defects  in  floating  hose 
strings. 

Sensitivity 

Wave  length  of  laser  light. 

Manufacturer  and  Costs 

Laser  holography  systems  are  commercially  available  from  a 
number  of  companies.  Costs  are  generally  quite  high  (greater  than 
$100,000)  and  depend  a great  deal  on  the  type  of  laser  and  laser 
reconstruction  system  required.  In  addition,  installation,  operation, 
and  maintenance  costs  are  expected  to  be  high. 

Advantages 

The  main  advantage  of  this  inspection  method  are  that 
commercial  systems  are  available  and  it  provides  some  incipient 
failure  detection.  Also,  no  physical  contact  is  required  with  the 
test  specimen. 


Disadvantages 

A few  of  the  main  disadvantages  and  limitations  are: 

(1)  Can  be  used  for  inspection  of  only  a few  OTS  components 

(2)  Value  of  inspections  are  uncertain 

(3)  Medium  to  high  cost 

(4)  Requires  highly  trained  personnel 

(5)  Very  difficult  to  use  at  sea  on  DWP  components 

(6)  Vibration  free  environment  is  required 
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B.9.3 


Magnetic  Chip 
Principle  of  Operation 

Magnetic  chip  detectors  are  installed  on  machinery  to  monitor 
excessive  internal  damage.  The  detectors  are  examined  periodically 
on  a on  a regular  basis. 

Capability 

Provides  an  indication  of  deterioration  of  machinery  internal 
components  and  bearing  damage. 

Manufacturer  and  Costs 

These  inspection  devices  are  commercially  available  and  their 
cost  is  low. 

Advantages 

A few  of  the  main  advantages  are: 

(1)  Simple 

(2)  Low  cost 

(3)  Commercially  available 

(4)  Some  incipient  failure  detection 

(5)  Reduces  machinery  maintenance  costs 

Disadvantages 

This  inspection  method  is  not  effective  in  reducing  oil  spill  risks. 
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Oil  Odor 


Principle  of  Operation 

Odor  of  small  amounts  of  leaking  oil  is  detected  by  an  inspector. 
Inspections  are  usually  carried  out  from  a small  boat  or  launch  that 
travels  along  and  near  the  hose  string  and  SPM. 

Capabi 1 i ty 

Detection  of  minute  amounts  of  oil  leakage  from  the  hose  string, 
above  the  SALM  SPM,  and  on  the  CALM  SPM. 

Sensitivity 

Very  minute  oil  leaks. 

Advantages 

This  inspection  method  is  very  simple,  can  be  used  in  darkness 
or  bad  vyeather,  and  provides  good  incipient  failure  detection. 

Disadvantages 

THi  TnTpection  is  not  quantitative  and  is  subject  to  personnel 
error.  Also,  wind  may  cause  the  oil  odor  not  to  be  detected. 
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Other  Inspection  Methods  with  Limited  DWP  Application 

A variety  of  inspection  methods  can  be  used  for  inspection  of  a 
few  deepwater  port  OTS  components.  These  are  described  briefly  in  the 
following  subsections. 

B.9.5.1  Milk  Solution 

Diver  visual  inspections  for  leaks  in  underwater  OTS  components 
can  be  aided  by  spraying  the  area  around  a component  to  be  inspected 
with  evaporated  milk  from  a plastic  bottle.  Minute  leaks  cause  the 
suspended  milk  solution  to  be  blown  away.  This  is  particularly 
effective  when  the  hose  is  pressurized  and  filled  with  water. 

B.9.5. 2 Leak  Detection  Solution 

Leak  detection  solution  is  sprayed  on  to  the  inspected  component. 
Small  leaks  in  pressurized  gas  piping  cause  the  leak  solution  to 
produce  easy-to-see  foam  and  bubbles.  Various  types  of  leak  detection 
solution  are  available  from  a number  of  companies  such  as  Circle  Seal 
Corporation. 

B.9.5. 3 Thermal  Paint,  Liquid  Crystals 

These  materials  are  applied  to  brazed  joints,  adhesive-bonded 
joints,  metallic  platings,  electrical  assemblies,  etc.  and  measure 
lack  of  bond,  hot  spots,  heat  transfer  and  isotherms. 

The  method  is  of  very  low  cost  and  is  simple  to  apply  and  inspect. 
It  can  only  be  used  on  thin-walled  surfaces  and  has  a critical 
temperature  time  relationship. 

B.9.5. 4 Thermal  or  Infrared  (Radiometer) 

This  method  potentially  can  be  applied  to  hose  strings.  Infrared 
can  detect  changes  in  hose  exterior  surface  temperature  caused  by 
oil  seeping  into  the  hose  structure.  This  occurs  if  the  oil  is  at 
a different  temperature  than  the  hose.  This  inspection  method  can 
also  be  applied  to  brazed  or  adhesive  bonded  joints  and  metallic 
platings  or  coatings  to  inspect  for  lack  of  bond,  hot  spots,  heat 
transfer  or  isotherms.  The  method  is  sensitive  to  temperature 
variations  of  about  rF  and  provides  permanent  records  or  thermal 
pictures.  No  contact  is  required  and  the  inspection  equipment  is 
portable.  The  equipment  is  expensive  and  provides  poor  resolutions 
for  thick  specimens.  Also,  temperature-time  relationships  are 
critical  and  external  environments,  particularly  for  DWP  hoses, 
would  make  quantitative  inspection  data  extremely  difficult  to  obtain. 
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B.9.5.5  Microwave 

This  inspection  method  is  high  accurate  for  measurement 
of  thickness  and  position,  and  can  be  used  to  detect  cracks,  holes, 
etc.  in  non-metallic  parts.  The  equipment  is  portable.  However,  the 
method  normally  requires  trained  personnel  and  cannot  be  used  to 
penetrate  metals. 

B.9.5.6  Sonic 

This  method  can  be  used  to  inspect  debonded  areas  or  delaminations 
in  metals  and  non-metals.  It  can  be  applied  to  metals  or  non-metal 
composites,  honeycomb,  plywood,  etc.  The  method  is  simple  and  can 
locate  far-side  debonded  areas.  Inspection  systems  incorporating  the 
method  are  commercially  available.  Surface  geometry,  however,  may 
confuse  inspection  results. 

B . 9 . 5 . 7 Electrified  Particle 

Electrified  particle  inspection  can  be  used  to  detect  surface 
defects  in  non-conducting  materials,  through-to-metal  pinholes  on 
metal -backed  surfaces  and  cracks  from  cycling.  The  method  is 
typically  applied  to  glass,  non-homogeneous  materials  such  as  plastic 
coatings  on  rigid  surfaces.  The  method  is  useful  on  materials  not 
practical  for  penetrant  inspections.  However,  the  method  has  poor 
resolution  on  thin  coatings  and  can  give  false  indications  from 
moisture  streaks.  The  method  is  not  considered  suitable  for  most 
inspections  of  components  in  a marine  environment,  such  as  hoses. 

B.9.5.8  Filtered  Particle 

The  method  is  based  on  a liquid  flow  of  filtered  particles  into 
a cracked  area  and  the  stranding  of  larger  particles  closeby.  Filtered 
particle  inspection  typically  is  used  to  inspect  for  cracks,  porosity 
and  differential  absorption.  It  is  typically  applied  to  porous 
materials  such  as  concrete.  The  method  can  use  colored  or  fluorescent 
particles  and  can  be  quickly  and  easily  applied. 

Thie  method  is  not  considered  suitable  for  most  inspections  of 
components  such  as  hoses  in  a marine  environment. 
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B.9.5.9  Onshore  Hose  Inspections 

Recommended  inspections  for: 

Hydrostatic  tests 
Electric  continuity  tests 
Vacuum  tests 
External  inspections 
Internal  inspections 

See  Buoy  Mooring  Forum  Hose  Guides,  Reference  51. 
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1.0  INTRODUCTION.  SUMMARY  AND  CONCLUSIONS 


The  Deepwater  Port  Act  of  1974  gives  the  Secretary  of  the 
Department  of  Transportation  and,  by  delegation,  the  U.S.  Coast  Guard 
specific  authority  to  regulate  the  design,  construction  and  operation 
of  deepwater  ports  off  the  coast  of  the  United  States.  Some  of  these 
regulations  deal  with  safety  and  the  prevention  of  oil  pollution. 

This  study  is  one  of  several  providing  information  for  future  regulations 
dealing  with  pollution.  More  specifically  this  study  has  the  overall 
objectives  of  identifying  and  assessing  inspection  methods  and  pro- 
cedures for  the  OTS  (Oil  Transfer  System)  of  deepwater  ports.  The 
envisioned  results  will  provide  cost-effective  means  of  minimizing 
accidents  and  oil  spills  from  this  system.  Other  concurrent  programs 
complement  this  study;  they  deal  with  tankships  and  their  movements, 
oil  spill  clean-up  equipment  and  procedures,  and  the  control  system  for 
the  OTS. 

The  strategy  of  the  study  was  first  to  identify  those 
failures  of  components  and  subsystems  of  the  OTS,  together  with  the 
subsystems  of  associated  structures  and  controls,  which  contribute 
most  significantly  to  the  risk  of  oil  spills  and  which  are  amenable  to 
risk  reduction  through  inspection.  Second,  candidate  inspection 
methods  and  procedures  were  selected  and  then  ranked  based  on  their 
potential  for  reducing  risk. 

This  report  describes  the  results  of  the  first  stage  of  the 
effort.  It  deals  not  only  with  the  components  of  the  OTS  itself,  but 
also  with  other  elements  which  may  directly  affect  the  integrity  of  the 
OTS.  Clearly  the  failure  of  some  portion  which  contains  oil  (e.g.,  piping, 
hose,  etc.)  may  result  in  an  oil  spill  of  some  size.  However,  there  are 
numerous  other  components  and  subsystems  whose  failure  may  eventually  lead 
to  the  failure  of  the  oil  containment  components.  For  example,  these 
include  the  mooring  hawsers  and  the  pumping  platform  structure.  Moreover, 
there  are  numerous  possible  direct  human  errors  such  as  making  a faulty 
hose-cargo  manifold  connection.  Most  of  the  OTS  components  can  be 
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inspected  to  detect  failures,  and  oil  transfer  procedures  can  be 
checked  and  rechecked,  both  to  prevent  pollution  effectively. 

The  safety  study  utilized  FMEA  (failure  mode  and  effects 
analysis)  and  fault  tree  analysis.  These  were  used  to  develop  both  the 
frequency  and  causes  of  spills  from  the  OTS.  Concurrently,  the  size  of 
the  spills  via  the  several  failure  modes  also  were  estimated.  Frequency 
and  size  combined  as  a product  give  a measure  of  risk  which  can  be  used 
to  rank  the  potential  pollution  severity  of  the  failures.  This  ranking, 
in  turn,  points  up  the  most  critical  problems  for  which  appropriate 
inspection  techniques  will  be  the  most  effective  in  reducing  spills  and 
adverse  environmental  effects. 

In  order  to  utilize  FMEA  and  fault  tree  analyses  successfully, 
it  was  necessary  to  focus  on  a specific  system  with  well-defined  assemblies  i 

of  components  and  operating  procedures.  For  this  purpose  a hypothetical 
deepwater  port  which  is  a composite  of  LOOP  and  SEADOCK  was  used.  The 
port  consists  of  six  SPMs  (Single  Point  Moorings)  connected  by  undersea 
pipelines  (48  to  56  inches  OD)  to  a central  pumping  platform  mounted  on  piles 
set  in  the  sea  floor.  The  pumping  platform  supports  three  pump  trains  j 

(as  for  LOOP),  together  with  ancillary  strainers,  air  eliminators,  a | 

custodial  metering  complex,  and  oily  water  waste  treatment  equipment.  The 
discharge  of  the  pumps  is  fed  into  one  or  more  of  three  48-inch  OD  pipe- 
lines, 43  miles  long  to  an  intermediate  storage  terminal  ashore.  The  i 

analysis  considered  all  oil-containing  piping  from  the  cargo  tanks  of  a | 

moored  tankship  to  the  root  valve  of  the  pipes  to  the  storage  tanks  of  ! 

the  onshore  terminal. 

It  was  assumed  that  the  deepwater  port  would  handle  only  | 

tankships  offloading  an  oil  cargo.  Further,  it  was  assumed  that  the  daily  i 

throughput  for  the  port  would  be  3.4x10®  bbls/d.  On  the  average,  776  ship  i 

calls  per  year  would  be  made,  and  1.6x10®  bbls  would  be  discharged  from  ,| 

C ■ 1 

each  in  16  hours  (1x10  bbls/hr  pumping  rate).  j| 

The  analyses  included  the  use  of  either  a CALM  (Catenary  Anchor 
Leg  Mooring)  or  a SALM  (Single  Anchor  Leg  Mooring)  as  the  SPM,  Designs  of 
offshore  moorings  and  operating  procedures  worldwide  were  reviewed. 
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Currently  there  are  approximately  150  CALM  SPMs  in  service  or  under 
construction  and  only  10  SALMs.  Other  types  also  are  being  used,  in- 
cluding 4 Single  Buoy  Storage,  3 articulated  mooring  towers,  4 fixed 
tower  SPMs  and  4 yoke  tower  systems.  The  reason  for  including  SALMs 
in  the  analysis  was  that  both  LOOP  and  SEADOCK  have  selected  SALM  units. 

The  analyses  required  the  formulation  of  a data  base  for  the 
failure  rate  of  the  several  components  of  the  OTS.  For  many  common 
components  such  as  the  pumps  and  valves  on  the  pumping  platforms,  data 
reported  for  industrial  equipment  were  used.  The  frequency  of  occurrence 
of  pipeline  leaks  and  ruptures  was  based  on  data  from  the  Office  of  Pipeline 
Safety  Operations  (Department  of  Transportation)  for  terrestrial  pipelines. 

These  data  were  corroborated  by  a few  data  on  spills  from  undersea  pipe-  I 

lines  in  the  Gulf  of  Mexico,  obtained  from  the  U.S.  Geological  Survey. 

The  U.S.  Geological  Survey  also  supplied  data  on  spills  resulting  from 
damage  to  offshore  platforms,  such  as  caused  by  ship  collisions  and  fires. 

Failure  and  spill  frequency  for  the  more  unique  components  of  1 

a deepwater  port,  especially  the  hoses,  were  derived  from  spill  data  for  i 

SPMs  operated  by  a single  company  during  the  period  1960  to  1971.  These  I 

data  reflect  the  operating  procedures  prevalent  during  that  time.  Several 
oil  companies  and  operators  of  SPMs  have  claimed  that  substantial  channes  i 

in  operating  and  inspection  procedures  have  resulted  in  fewer  problems  i 

and  spills,  especially  for  the  hose  strings.  Nevertheless,  the  data  were 
used  since,  first,  they  are  the  only  data  available,  and  second,  they  , 

represent  the  spill  history  associated  with  an  identifiable  technology  ' 

and  inspection  practice.  I 

Spill  data  for  offloading  and  loading  tankships  at  more 
conventional  shore-side  terminals  were  reviewed.  This  was  done  to  help 
define  the  failure  modes  which  lead  to  oil  spills  during  oil  transfer 
operations. 

The  detailed  results  of  the  safety  analysis  are  presented  in 
the  following  three  sections.  Section  2.0  contains  a description  of 
deepwater  ports  and  SPMs,  and  describes  the  components  of  the  deepwater 
port  analyzed.  Section  3.0  contains  a review  of  SPM  operating  experience. 
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spill  data  for  conventional  oil  transfer  operations  and  the  safety 
analysis.  The  frequency  and  risk  of  spills  are  developed  and  presented. 
Section  4.0  describes  the  strategy  to  be  used  in  developing  inspection 
techniques  and  presents  a priority  ranking  of  the  spill  problems  to  which 
the  inspections  would  apply. 

The  following  are  the  principal  conclusions  of  the  safety 

analysis: 

1.  Consistent  with  the  general  impression  of  industry,  one 

of  the  greatest  risks  of  oil  spills  is  comprised  of  leaks  and  ruptures  of 
the  hose  strings.  For  the  deepwater  port  analyzed,  minor  spills*  from 
leaks  may  be  expected  13  times  per  year.  Ruptures  of  the  hoses  caused  by, 
for  example,  the  failure  of  the  mooring  hawsers,  are  predicted  to  occur 
less  frequently,  0.6  per  year,  but  a major  spill  could  result. 

2.  A second  major  source  of  oil  spill  risk  are  the  platform- 
to-shore  and  the  onshore  pipelines.  From  available  data,  a rupture  from 
external  damage  (e.g.,  a dragging  anchor),  corrosion  and  defective  welds 
is  predicted  to  occur  0.010  per  year.  However,  because  of  the  large 
volume  of  the  lines,  a major  spill  could  result,  perhaps  as  much  as 
100,000  bbls,  even  if  no  oil  were  being  pumped  through  the  lines  at  the  time. 

3.  Leaks  from  the  SPM  units  and  the  SPM  pipelines  (SPM  to 
platform)  pose  a much  smaller  risk  of  oil  spills  than  do  the  hoses.  The 
steel  piping  and  components  are  much  less  vulnerable  than  hoses  to 
fatigue  and  wear  failures. 

4.  The  risk  of  spills  from  the  OTS  components  on  the  pumping 
platform  and  from  the  onshore  facilities  is  very  small.  The  reason  is 
the  secondary  containment  provided  by  the  curbed  decking  on  the  platform 
and  the  berm  dikes  surrounding  the  facilities  ashore.  Inspection  to 
insure  the  integrity  of  these  containments  is  nearly  as  important  as 
inspection  of  the  OTS  components  themselves. 


According  to  the  National  Contingency  Plan: 

Minor  spill  is  < 10,000  gal 
Medium  spill  is  10,000  to  100,000  gal 
Major  spill  is  > 100,000  gal 
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5.  The  occurrence  of  several  potentially  catastrophic 
accidents  are  not  significantly  frequent  to  pose  a major  risk.  One 
class  of  such  accidents  includes  the  corrosion  of  the  SPM  buoy  and  the 
platform  supports.  Evidently  the  reason  for  their  infrequency  are  the 
well -developed  inspection  techniques  for  detecting  excessive  corrosion 
damage  and  for  maintaining  the  effectiveness  of  the  corrosion  control 
systems  (sacrificial  anodes,  cathodic  protection,  etc.).  Recommended 
inspection  procedures  must  include  those  procedures  which  are  both 
normally  practiced  and  are  effective. 

6.  Two  types  of  inspection  techniques  are  recommended:  those 
that  reduce  the  frequency  of  spills;  and  those  that  reduce  the  size  of  a 
spill  if  a spill  occurs.  The  former  is  the  only  type  suitable  for 
controlling  the  frequent  incidence  of  small  spills.  The  latter 
essentially  involves  continuous  monitoring  and  is  effective  for  infrequent, 
but  potentially  large  spills. 

7.  The  reported  spill  experience  at  SPMs  (1960-1971)  indicated 
a decreasing  incidence  of  spills  during  the  first  few  years  of  their 
operation.  Subsequently  the  spill  rate  leveled  off  at  approximately 

0.02  spills  per  ship  call.  This  spillage  rate  is  not  significantly 

different  from  that  experienced  for  conventional  terminals:  0.012 

for  U.S.  ports  and  0.017  to  0.013  for  Milford  Haven,  U.K.  during  1970-1973. 

8.  The  frequencies  of  spills  at  loading  and  offloading  SPMs 
appear  to  be  substantially  the  same.  However,  the  volumes  of  oil  spilled 
at  the  former  type  of  port  are  substantially  larger.  A major  reason 

for  this  may  be  a few  incidents  in  which  the  ship's  cargo  tanks 
overflowed.  Such  accidents  are  a major  cause  of  large  spills  at 
conventional  U.S.  terminals.  Although  higher  pumping  rates  at  loading 
ports  may  be  a contributing  factor,  these  accidents  are  the  direct 
result  of  human  error  and  are  not  the  result  of  the  failure  of  the 
integrity  of  the  OTS. 

* T>ie  dredged  depth  of  most  ports  and  U.S.  ports  in  particular  is  such  that 
vessels  loaded  with  up  to  40,000  to  60,000  tons  of  oil  can  enter.  From  a 
total  oil  spill  risk  point  of  view,  therefore,  the  number  of  port  calls  at 
a deepwater  port  will  be  1/3  to  1/6  (150,000  to  300,000  dwt  tankers)  of  those 
at  a conventional  port  for  the  same  total  oil  transported,  and  hence  there 
would  be  fewer  spills  at  a deepwater  port. 
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2.0  DEEPWATER  PORT  OIL  TRANSFER  SYSTEM 


This  Section  contains  a description  of  a hypothetical  deepwater 
port  (DWP)  complex  which  might  exist  off  the  U.S.  coast.  The  Oil  Transfer 
System  of  this  complex  serves  as  the  subject  of  the  forthcoming  risk 
analysis  for  oil  spills.  In  order  to  place  the  hypothetical  complex  in 
perspective,  the  first  two  subsections  of  this  report  give  some  general 
descriptive  material  on  Monobuoy  Systems,  with  emphasis  on  those  that 
might  be  used  at  U.S.  locations,  and  characteristics  of  existing  DWPs. 

The  third  subsection  provides  information  on  accepted  standards  and 
regulations  for  the  design  and  operation  of  DWPs,  especially  off  the  U.S. 
coast.  Finally,  the  fourth  subsection  describes  the  oil  transfer  system 
to  be  analyzed,  which  is  a composite  of  the  proposed  LOOP  and  SEADOCK 
facilities. 

2.1  TYPES  OF  DEEPWATER  PORT  SYSTEMS 

2.1.1  General 

Offshore  mooring  systems  consist  of  either  a fixed  berth  or  a 
floating  berth.  The  fixed  berth  consists  of  a shores ide-type  mooring 
and  cargo-handling  piping  transferred  to  an  offshore  location.  The 
mooring  bollards  are  located  on  mooring  dolphins  and  the  fixed  platform 
for  cargo  handling  is  constructed  on  pilings.  The  ship  is  moored  with  a 
set  of  breast  hawsers  and  spring  hawsers.  The  cargo  is  transferred  to  a 
manifold  which  is  located  on  the  fixed  platform  and  is  then  transferred 
to  the  shoreside  storage  facility  through  a pipeline.  Figure  2-1  shows  a 
plan  view  of  each  of  three  types  of  fixed  berths. 

Floating  berths  may  be  either  multi-buoy  moorings  or  single  point 
moorings.  The  multi-buoy  mooring  consists  of  three  to  seven  mooring  buoys. 
A plan  view  of  a multi-buoy  mooring  is  shown  in  Figure  2-2.  The  buoys  are 
located  to  provide  mooring  support  to  prevent  the  ship  from  moving  in 
either  the  athwartship  or  the  forward  directions.  The  ship's  anchors 
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PLAN  VIEW  OF  MULTI-BUOY  MOORING 
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PLAN  VIEW  OF  SINGLE  POINT  MOORING 


Figure  2-2.  Plan  View  of  Single  Point  Mooring 


are  used  to  secure  the  bow.  The  ship's  own  hawsers  are  used  to  moor  to 
the  buoys.  Each  buoy  is  connected  to  an  anchor  on  the  sea  bottom. 

The  cargo  is  transferred  from  the  tanker  manifold  through  the 
cargo  hoses  to  undersea  pipelines.  The  undersea  pipelines  carry  the  cargo 
to  a shore  storage  facility.  When  the  hoses  are  not  in  use,  they  are 
submerged  on  the  sea  bottom. 

A single  point  mooring  (SPM)  is  a mooring  system  which  employs  a 
single  mooring  point  for  the  ship.  The  ship  is  free  to  weathervane  around 
the  mooring.  With  the  resolution  of  forces  from  the  wind,  waves,  and 
current,  the  ship  aligns  itself  so  as  to  give  the  least  resistance.  The 
buoy  is  moored  to  the  sea  bottom  with  either  anchors  or  pilings. 

The  cargo  is  transferred  from  the  tanker  manifold  through  cargo 
hose(s),  which  are  configured  in  one  of  three  ways.  First,  the  hose  is 
either  rigid  or  attached  to  a rigid  structure  and  connected  from  the  buoy 
to  the  tanker  manifold  without  contact  with  the  water.  Second,  the  hose 
follows  a lazy  pattern  on  the  surface  of  the  water  and  is  connected  from 
the  buoy  to  the  tanker  manifold.  And  third,  the  surface  portion  of  the 
hose  is  connected  to  the  tanker  manifold  and  the  other  connection  is  to  a 
submerged  portion  of  the  buoy  mooring  below  the  tanker  mooring 
connection  on  the  buoy.  When  the  hoses  are  not  in  use,  they  are  either 
reeled  onto  the  mooring  structure,  permitted  to  float  lazily  on  the  sea 
surface,  or  are  submerged  on  the  sea  bottom. 

A detailed  knowledge  of  the  site  conditions  and  the  marine 
environment  at  the  proposed  location  is  necessary  to  determine  the 
optimum  type  of  berth  to  install.  The  required  site  and  environmental 
data  are: 

• Wind,  wave,  and  current  conditions  during  normal  operations 
and  during  storms; 

• Water  depths; 

t Maneuvering  areas;  and 

• Soil  and  bottom  conditions. 


However,  each  berthing  system  is  suitable  for  certain  general  types  of 
conditions. 

Fixed  Berths.  Fixed  berths  have  been  installed  in  naturally 
protected  areas,  such  as  Bantry  Bay  (Ireland)  and  Newfoundland  (Canada); 
artifically  protected  areas,  such  as  Rotterdam  (The  Netherlands)  and 
Le  Havre  (France);  and  generally  mild  areas,  such  as  Ras  Tenura  (Saudi 
Arabia)  and  Freeport  (Grand  Bahamas). 

Fixed  berths  are  suitable  when: 

• The  location  is  well  sheltered  from  waves  and  currents  or 
the  marine  environment  is  mild. 

• The  prevailing  wind,  waves,  and  currents  do  not  vary 
excessively. 

• Easy  access  is  available. 

• The  maneuvering  area  is  restricted. 

• A large  variety  of  products  are  to  be  handled. 

• The  desired  rate  of  cargo  handling  is  so  high  that  several 
cargo  hoses  must  be  used  simultaneously. 

Multi -Point  Moorings.  Twenty  multi -point  moorings  have  been 
installed  in  the  U.S.  waters  off  the  coasts  of  California,  Florida,  and 
Hawaii.  The  multi-point  mooring  can  withstand  slightly  rougher  environ- 
ments than  the  fixed  berth,  provided  the  mooring  is  orientated  to 
minimize  the  wind  and  wave  forces  acting  on  the  moored  ship. 

Multi-point  moorings  are  suitable  when: 

• The  prevailing  wind,  waves,  and  currents  do  not  vary 
excessively. 

• The  available  mooring  area  is  limited. 

• Quick  installation  is  needed. 

• Available  funds  are  limited. 

• It  is  desired  to  reduce  the  traffic  density  inside  a harbor. 


2-5 


Single  Point  Moorings.  About  two  hundred  single  point  moorings 
have  been  installed  or  are  on  order  for  various  locations  around  the 
world.  These  locations  have  varied  from  shallow,  protected  areas  to 
areas  with  deep  water  and  extreme  conditions. 

Single  point  moorings  are  suitable  when: 

• Sea  conditions  can  be  very  rough  and  weather  can  be  extreme 
at  times. 

• Wind,  waves,  and  currents  vary  in  directions  up  to  360  degrees. 

• Tankers  up  to  750,000  tons  dwt  use  the  facility. 

• Large  maneuvering  area  is  available. 

• One  to  four  products  are  to  be  handled  at  any  given  time. 

• It  is  desired  to  reduce  the  traffic  density  inside  a harbor. 

• Channel  widths  and  depths  inside  existing  harbors  are  too 
small  to  permit  deep  draft  tankers,  and  dredging  is  not  a 
feasible  alternative. 

Table  2-1  compares  the  fixed  berths,  multi-point  moorings,  and 
the  single  point  moorings;  and  it  shows  the  approximate  limitations  on 
the  use  of  each  system. 


2.1.2  Single  Point  Moorings 


Any  single  point  mooring  system  must  be  sufficiently  elastic  to 
allow  the  moored  vessel  to  move  under  the  influence  of  current,  waves. 


and  wind.  However,  the  system  must  be  stiff  enough  to  limit  the  extent 
of  these  motions  and  the  resultant  forces  due  to  these  motions. 


This  Section  describes  the  various  types  of  single  point  moorings 
in  operation  or  on  order  at  the  end  of  1976,  gives  the  particular 
advantages  and  disadvantages  of  each  type,  and  summarizes  the  necessary 
criteria  in  the  selection  of  a specific  type.  The  following  informa- 
tion is  necessary  to  select  a mooring  site  location  and  to  determine 
the  type  of  single  point  mooring: 


2-6 


1 


Table  2-1 

OFFSHORE  MOORING  COMPARISON 


Limitations  on  Use 

Fixed 

Berths 

Single  Point 
Mooring 

Multi -Point 
Mooring 

While  berthing 

Waves 

Wind 

3-4  ft 

25  knots 

5-10  ft 

26  knots 

5-7  ft 

26  knots 

While  moored 

Waves 

Wind 

4-10  ft 

50  knots 

12-16  ft* 

52  knots 

6-10  ft 

50  knots 

While  transferring  cargo 
Waves 

Wind 

4-10  ft 

35  knots 

12-16  ft* 

35  knots 

6-8  ft 

35  knots 

Distance  Offshore 

Least 

Farthest 

Medium 

Maneuvering  and 
seabed  requirements 

Smallest 

Largest 

Medium 

Ease  in  getting 
underway 

Average 

Easiest 

Most  difficult 

Tugs  required 

Yes 

None 

Not  usually 

Launches  required 

Sometimes 

Yes** 

Yes 

Susceptibility  to 
damage 

Moderate 
to  high 

Moderate 
to  low 

Low 

Investment 

High 

Low  to 
Moderate 

Low 

* For  some  specially  designed  installations  in  the  North  Sea,  as  high 
as  26-30  feet. 

**  Some  installations  allow  sel f-moori ng . 
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• Range  of  sizes  of  ships  to  use  the  facility. 

• Mean  depth  of  water. 

• Tidal  variation. 

• Wind  (velocity  and  frequency  pattern  for  each  direction). 

• Currents  (velocity  and  frequency  patter-  for  each  direction). 

• Waves  (regular  or  confused  pattern,  height,  length,  slope, 
frequency  pattern  for  each  direction). 

• Nature  and  configuration  of  the  sea  bed. 

• Traffic  pattern  and  sea  lanes. 

• Navigational  aspects  and  constraints. 

• Requirements  and  availability  of  tugs  and  launches. 

• Requirements  of  other  marine  traffic. 

• Frequency  and  intervals  of  hurricanes, 
t Frequency  of  fog. 

• Maximum  number  of  days  and  length  of  each  interval  the 
mooring  will  not  be  operational  due  to  weather,  hurricanes, 
or  sea  conditions. 

• Total  quantity  of  cargo  to  be  handled  per  year. 

• Loading  and  discharge  rates  for  each  grade  of  crude  oil, 
product,  or  slurry. 

t Number  of  grades  or  crude  oil,  product,  or  slurry  to  be 
handled. 

• Requirements  for  the  discharge  of  dirty  ballast  water. 

• Bunkering  facilities  either  through  the  mooring  or  by  barge. 

• Availability  of  divers  for  inspection,  maintenance,  or  repair. 

• Requirements  and  availability  of  repair  barges. 

• Distance  to  the  storage  facility. 

• Suitability  for  futher  expansion. 

• Availability  of  oil  spill  containment  and  clean-up  equipment. 
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2. 1.2.1  Catenary  Anchor  Leg  Mooring 

The  catenary  anchor  leg  mooring  (CALM)  is  a flexible  restrained 
mooring  system  consisting  of  a floating  cylindrical  buoy  moored  to  the 
seabed  by  a network  of  catenary  anchor  chains.  The  general  arrangement  of 
the  CALM  system  is  shown  in  Figure  2-3. 

CALMs  have  been  installed  at  various  worldwide  locations  in 
water  depths  up  to  300  feet  and  located  up  to  150  miles  offshore. 
Approximately  75  percent  of  the  total  number  of  single  point  moorings 
installed  by  the  end  of  1976  are  the  CALM  type.  There  is  wide  experience 
with  the  CALM,  and  it  has  proved  to  be  sufficiently  reliable  to  berth  the 
longest  vessels  afloat.  Designs  for  vessels  up  to  700,000  dwt  have  been 
installed. 

The  buoy  itself  is  a central  support  for  piping  and  is  subdivided 
into  compartments  for  safety  and  strength.  The  buoy  must  have  adequate 
buoyancy  to  support  the  anchor  chains,  the  submarine  hoses,  the  center 
swivel,  and  the  turntable  with  the  revolving  oil  carriage  and  mooring  equip- 
ment. Some  of  the  features  of  the  buoy  are  indicated  in  Figures  2-4A  and  B. 

The  catenary  anchor  chains  supply  the  mooring  support  for  the 
buoy  and  moored  vessel.  The  chains  are  connected  from  the  buoy  to 
anchors  on  the  seabed  or  anchor  piles  driven  into  the  seabed.  The  anchor 
chains  must  be  tensioned,  set,  and  sufficiently  long  so  the  mooring 
load  on  the  anchors  or  piles  is  tangential  to  the  seabed,  thereby  lessen- 
ing the  tendency  for  the  anchors  or  piles  to  break-out  from  the  seabed. 

The  principal  factors  governing  the  anchoring  pattern  are  the  following: 

• Environmental  conditions; 

• Water  depth;  and 

• The  maximum  size  of  the  vessel  that  will 

use  the  facility. 


The  catenary  chains  permit  a flexible  response  of  the 
buoy  to  the  sea  conditions.  This,  in  turn,  requires  a careful 
design  of  the  submarine  hose  configuration.  Submarine  hose 
configurations  for  the  CALM  are  either  the  Chinese  Lantern,  the  Lazy-S, 
or  the  Steep-S.  In  general,  the  criteria  for  selecting  the  proper  con- 
figuration depend  on  the  water  depth  or  the  wave  action.  Figure  2-5 
shows  the  arrangement  of  the  three  CALM  submarine  hose  configurations, 
and  the  displacement  of  each  configuration  as  the  buoy  responds  to  the 
wave  action. 

The  Chinese  Lantern  is  the  generally  preferred  submarine  hose 
configuration  for  locations  with  the  following: 

• Water  depths  less  than  125  feet; 

• Varying  current  direction; 

• Mild  wave  heights  and  low  wave  steepness. 

The  Lazy-S  submarine  hose  configuration  is  the  generally 
preferred  submarine  hose  configuration  for  locations  with  the  following: 

• Water  depths  greater  than  125  feet; 

• Relatively  constant  current  direction; 

• No  excessive  heaving  motions  of  the  buoy. 

The  Steep-S  is  the  generally  preferred  submarine  base  con- 
figuration for  locations  with  water  depths  exceeding  150  feet. 

The  swivel  connecting  the  buoy  to  the  cargo  hose  from  the 
ship  is  on  the  buoy  (Figures  2-4).  In  addition  to  possible  wear  on  the 
seals  from  the  sand  and  grit  in  the  cargo,  the  external  portion  of  the 
swivel  is  subject  to  possibly  severe  corrosion  because  of  its  location 
at  the  air-sea  interface.  Manufacturers  maintain  that  this  is  not  a 
critical  factor  since  corrosion  would  be  a problem  at  sub-surface  loca- 
tions too.  The  swivel  on  the  CALM,  however,  can  be  easily  maintained, 
subject  to  the  sea  conditions,  without  disassembling  the  mooring. 

Details  of  a CALM  fluid  swivel,  sometimes  called  a Product  Distribution 
Unit  (PDU),  are  shown  in  Figure  2-6.  Some  PDUs  carry  as  many  as  four 
different  products  simultaneously. 


As  the  buoy  responds  to  the  sea  conditions,  the  first  cargo 
hose  off  the  buoy  to  the  vessel  may  be  subject  to  excessive  flexing. 

This  wear  is  due  to  the  fixed  connection  of  the  hose  to  the  buoy  which 
must  absorb  the  wave-induced  bending  movement  of  the  surface  hose 
string  and  the  relative  motions  of  the  buoy  with  respect  to  the  surface 
hose  string.  In  some  installations,  swivels  have  been  inserted  between 
the  buoy  and  the  floating  hoses  to  reduce  the  extra  flexing  of  this  end 
of  the  hose. 

The  pipeline  end  manifold  (PLEM)  is  the  end  of  the  pipeline 
connecting  the  SPM  with  a shore  facility.  It  is  an  anchored  manifold 
with  isolation  valves  which  can  be  operated  manually  or  remotely  to 
facilitate  maintenance  and  reduce  spill  hazards  from  severe  storms. 

The  underbuoy  hoses  of  the  CALM  system  connect  the  PLEM  and  the  fluid 
swivel  assembly.  Lengths  of  hoses  (sometimes  piping)  connect  the  fluid 
swivel  assembly  of  the  SALM  to  the  PLEM.  A check  valve  may  be  posi- 
tioned in  the  pipeline  after  the  PLEM  to  protect  against  reverse  flow 
to  the  PLEM.  A PLEM  for  a CALM-type  SPM  is  shown  in  Figure  2-7. 

2. 1.2. 2 Single  Anchor  Leg  Mooring 

The  single  anchor  leg  mooring  (SALM)  is  a mooring  system 
consisting  of  a floating  cylindrical  buoy  anchored  to  a base  assembly 
on  the  seabed  by  a chain  riser,  or  chain  and  riser  pipe  combination. 

In  water  depths  less  than  150  feet,  the  chain  alone  usually  is  used. 

At  greater  depths,  a riser  pipe  is  inserted  between  the  base  and  the 
buoy  anchor  chain.  The  riser  pipe  also  contains  product  transfer  pipes. 
The  general  arrangement  of  this  type  of  buoy  is  shown  in  Figure  2-8. 

SALMs  have  been  installed  at  various  worldwide  locations  in 
water  depths  up  to  530  feet  and  located  up  to  150  miles  offshore. 
Approximately  5 percent  of  the  total  number  of  single  point  moorings 
installed  by  the  end  of  1976  are  the  SALM  type.  However,  since  the  SALM 
is  directly  suitable  for  deepwater  mooring  applications  and  since  the 
trend  is  to  install  single  point  moorings  further  offshore  in  deeper 
water  and  in  more  exposed  locations,  the  SALMs  could  occupy  a much  larger 
percentage  of  the  total  number  of  single  point  moorings  installed  in  the 
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future.  SALMs  designed  to  moor  vessels  of  up  to  750,000  dwt  (SOFEC)  have 
been  installed. 

The  ability  of  the  SALM  to  absorb  the  energy  caused  by  the 
motions  of  the  moored  vessel  is  a functior,  f the  stiffness  of  the  mooring 
system,  which  depends  on  the  following: 

• Length  and  elasticity  of  the  mooring  hawser. 

• Buoyancy  of  the  mooring  buoy. 

• Distance  from  the  universal  joint  between  the  riser 
and  the  buoy  to  the  center  of  buoyancy  of  the  buoy. 

• Length  and  buoyancy  of  the  riser. 

§ Distance  from  the  universal  joint  between  the  base 

assembly  and  the  riser  to  the  center  of  buoyancy  of  the 
riser. 

Because  the  surface  buoy  is  held  by  a single  anchor  leg,  it  is 
confined  to  move  in  an  arc  about  the  base  assembly.  Since  the  buoy 
movement  is  similar  to  an  inverted  pendulum,  the  restoring  moment  of  the 
mooring  system  is  due  to  increased  buoyancy  as  the  buoy  is  pulled  to  the  side. 
The  buoy  itself  is  subdivided  for  safety  and  strength  for  protection  if 
there  is  contact  between  the  buoy  and  the  vessel  during  the  vessel's 
approach  to  the  mooring.  Also,  the  mooring  buoy  is  designed  to  be  com- 
pletely submerged  during  extreme  wave  conditions. 

The  mooring  hawsers  are  connected  to  anti -chafing  chains  on 
the  deck  of  the  buoy  for  protection  against  excessive  wear.  The  hawsers 
may  be  fitted  with  stress  indicators  to  measure  the  cyclic  tensile 
stresses  when  they  are  connected  to  the  moored  vessel . 

The  mooring  base  is  a toroidial  steel  shell  with  steel  girders 
connecting  the  corners  of  the  shell  segments  with  the  center  of  the  base. 

The  shell  is  ballasted  with  sand  or  concrete  to  resist  uplift  and  sliding. 
Depending  on  the  soil  conditions,  the  base  also  may  be  secured  to  the 
seabed  with  steel  piles. 
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Depending  on  the  water  depth,  the  buoy-to-base  anchor  system 
is  of  two  types.  For  depths  exceeding  150  feet,  an  extra  deep  buoy  is 
used,  which  is  attached  atop  of  a riser  shaft  via  a universal  joint  and 
a swivel  in-between.  This  arrangement  is  shown  in  Figure  2-9.  The 
riser  shaft  is  connected  to  the  mooring  base  via  another  universal  joint. 
The  shaft  itself  is  a large-diameter  pipe  containing  the  product  trans- 
fer pipes.  These  terminate  at  the  top  of  the  riser  pipe  in  the  fluid 
swivel,  which  in  turn  connects  to  the  floating  hoses.  For  shallower 
depths,  the  arrangement  is  similar  except  that  there  is  no  riser  pipe; 
the  fluid  swivel  is  mounted  directly  on  the  mooring  base.  This  arrange- 
ment is  shown  in  Figure  2-10. 

The  key  component  to  the  SALM  system  is  the  swivel  assembly 
mounted  on  top  of  the  riser  pipe  or  mooring  base.  The  fluid  swivel 
assembly  allows  the  leading  hose  to  rotate  freely  in  the  vertical 
direction  and  to  rotate  completely  around  the  load  carrying  shaft. 
Drawings  of  fluid  swivels  for  base  mounting  are  shown  in  Figure  2-11. 

The  buoy  mooring  force  is  carried  through  the  swivel  housing  by  a load- 
carrying shaft  connected  to  the  anchor  chain.  The  swivel  housing 
rotates  around  the  load-carrying  shaft.  The  shaft  carries  the  mooring 
loads  to  prevent  any  damage  to  the  seals  and  bearings  which  support  the 
fluid  swivel  housing.  As  a result,  none  of  the  mooring  load  is  carried 
through  the  housing  bearings. 

2. 1.2. 3 Rigid  Single  Point  Mooring  Tower 

The  rigid  single  point  mooring  tower  is  a stiff  mooring 
system  consiting  of  a cylindrical  pylon  structure  moored  to  the  seabed 
by  a system  of  piles.  A schematic  diagram  of  this  system  is  shown  in 
Figure  2-12. 
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Figure  2-11.  Fluid  Swivel  Assemblies  for  a Single  Anchor 
Leg  Mooring  Cut-Away  View 


Figure  2-12.  Rigid  Single  Point  Mooring  Tower 


Fixed  single  point  mooring  towers  have  been  installed  in 
the  Mediterranean  Sea  and  off  Scapa  Flow,  Approximately  2 percent  of 
the  total  number  of  single  point  moorings  installed  by  the  end  of  1976 
are  this  type.  The  water  depths  at  these  installations  are  about  100 
feet.  All  the  installations  of  this  type  have  been  designed  for  vessels 
up  to  100,000  tons  deadweight. 

The  piles  that  make  up  the  cylindrical  structure  are  also 
used  to  support  a circumferential  fender  ring.  This  fender  ring  serves 
to  protect  the  mooring  from  contact  damage  with  the  ship. 

The  advantage  of  the  single  point  mooring  tower  is  primarily 
to  eliminate  use  of  submarine  hoses,  providing  a reduced  vulnerability 
of  the  cargo  transfer  system.  The  disadvantage  of  the  sinale  point  mooring 
tower  is  that  as  a fixed  point  mooring,  the  system  is  more  vulnerable  to 
damage  by  ramming.  The  single  point  mooring  tower  requires  a calmer  and 
shallower  water  than  either  the  CALM  or  the  SALM. 
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2. 1.2.4  Single  Buoy  Storage 


The  single  buoy  storage  (SBS)  is  a flexible  restrained  mooring 
system  consisting  of  a floating  cylindrical  buoy  with  a rigid  arm  or  yoke 
connected  to  a permanent  storage  vessel.  The  buoy  is  moored  to  the  seabed 
by  a network  of  anchor  chains.  Actually,  the  single  buoy  storage  is  a 
modified  catenary  anchor  leg  mooring  in  which  a rigid  arm  or  yoke  replaces 
the  mooring  hawsers,  and  a steel  structure  and  hard  piping  replaces  the 
floating  bases.  Figure  2-13  is  a diagram  of  an  SBS. 

SBSs  have  been  installed  in  locations  in  the  Mediterranean  Sea, 
Arabian  Gulf,  and  Indonesia.  SBSs  have  operated  successfully  in  water 
depths  to  240  ft  and  located  15  to  80  miles  offshore.  Approximately  2 
percent  of  the  total  number  of  single  point  moorings  are  the  SBS  type. 

The  buoy  itself  is  a central  tank  for  piping  and  is  subdivided 
into  compartments  for  safety  and  strength.  The  buoy  must  have  adequate 
buoyancy  to  support  the  anchor  chains,  the  submarine  hoses,  the  center 
swivel,  the  center  turntable  and  part  of  the  rigid  arm.  The  rigid  arm 
and  the  turntable  are  one  unit. 

All  outgoing  oil  pipes  from  the  buoy  are  secured  at  the  top  of 
the  rigid  arm  and  connect  to  the  storage  vessel  via  swivels  or  short  hoses. 
The  arm  is  connected  to  the  stoarge  vessel  by  hinges. 

The  catenary  anchor  chains  supply  the  mooring  support  for  the 
buoy  and  moored  vessel.  The  criteria  for  the  number,  the  layout,  and 
the  seabed  securing  of  the  anchor  chains  is  similar  for  the  SBS  as  for 
the  CALM. 

The  criteria  for  selection  of  the  submarine  hose  configuration 
are  similar  to  those  for  the  CALM.  The  storage  vessel  is  a dedi- 
cated vessel  permanently  moored  to  the  rigid  arms.  An  existing  ship  may 
be  modified  with  hinges  to  accept  the  rigid  arm  and  used  as  the  storage 
vessel.  The  unloading  vessel  then  moors  alongside  and  the  cargo  is 
transferred. 
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Although  not  contemplated  for  use  as  a U.S.  deepwater  port, 
the  principal  advantage  of  the  SBS  is  that  the  cargo  is  transferred 
from  vessel -to- vessel . This  reduces  the  floating  cargo  hose  problem 
and  allows  higher  pumping  rates  for  faster  vessel  turnaround.  The 
principal  disadvantage  of  the  SBS  is  the  high  initial  cost  of  the 
storage  vessel. 

2.2  CHARACTERISTICS  OF  EXISTING  DEEPWATER  PORTS 

The  first  single  point  mooring  was  installed  in  1959.  In  the 
period  of  1959  through  1976,  there  have  been  a total  of  about  203  single 
point  mooring  installations.  Although  companies  in  the  United  States  are 
licensed  to  build  single  point  moorings,  all  the  single  point  moorings 
have  been  installed  in  waters  outside  the  territorial  limits  of  the  United 
States.  Figure  2-14  shows  the  breakdown  by  geographic  area  of  the  total 
number  of  single  point  moorings  installed  through  1976. 

Figure  2-15  shows  the  worldwide  trend  of  the  single  point 
mooring  installations.  The  growth  of  the  number  of  single  point  moorings 
reflects  their  popularity  with  the  oil  industry.  The  reasons  for  this 
are  relatively  low  initial  cost,  fairly  easy  installation,  high 
reliability,  and  versatility  with  water  depth. 

The  first  operative  single  point  mooring,  the  catenary  anchor 
leg  mooring  (CALM)  type,  was  installed  in  Sweden  in  1959.  There  have 
been  several  single  point  mooring  systems  designed  during  the  1960s,  but 
the  CALM  was  almost  the  only  type  of  a single  point  mooring  installed 
from  1959  to  1969.  The  only  exceptions  were  two  fixed  mooring  towers, 
especially  designed  for  shallow-water  application.  The  first  mooring 
tower  was  installed  in  1962,  and  the  second  was  installed  in  1964. 

From  the  period  of  1959  to  1969,  all  the  CALMs  were  installed 
in  shallow  water  and  in  areas  which  either  were  relatively  secluded  from 
heavy  sea  conditions  or  had  a mild  sea  state.  In  1969,  the  first 


Figure  2-14.  Geographic  Distribution  of 
Point  Moorings  Installed 
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Figure  2-15.  Growth  Rate  in  the  Number  of  Single  Point  Moorings 


deepwater  CALM  was  installed.  This  installation  was  near  Durban,  South 
Africa,  and  the  water  depth  was  150  feet.  This  buoy  was  close  enough  to 
shore  to  be  serviced  with  mooring  launches. 

Also  in  1969,  a second  advance  was  made  in  the  deepwater 
application  of  single  point  moorings.  The  first  single  anchor  leg  mooring 
(SALM)  was  installed  in  Libya  at  a water  depth  of  140  feet. 

The  Libya  and  the  South  Africa  installations  proved  that  single 
point  moorings  could  be  laid  and  operated  successfully  in  deep  water.  This 
provided  an  incentive  to  install  single  point  moorings  in  water  which  is 
even  deeper.  A further  incentive  was  the  development  of  new  mooring 
techniques,  which  enable  the  vessel  to  connect  to  the  mooring  hawser  and 
to  the  cargo  hose  without  the  aid  of  a launch. 

The  demand  for  more  single  point  moorings  in  exposed  environ- 
ments has  prompted  the  development  of  new  designs.  These  designs  include 
the  Exposed  Location  Single  Buoy  Mooring  (ELSBM)*,  the  Single  Buoy  Storage 
System  (SBS)*,  the  SPAR,  the  articulated  tower  mooring  system,  and  other 
designs  which  have  not  been  built.  Figure  2-16  shows  the  distribution  of 
the  single  point  moorings  in  service  through  the  end  of  1976. 

By  the  end  of  1977,  single  point  moorings  have  been  used 
successfully  in  exposed  sea  conditions,  in  water  depths  exceeding  500  feet, 
and  at  locations  150  miles  from  the  shore. 

Characteristics  of  single  point  moorings,  located  worldwide, 
are  tabulated  in  Appendix  A.  Included  are  the  location,  type  of  mooring, 
and  selected  prevailing  environmental  conditions. 

U.S.  installations,  being  new,  will  have  the  advantage  of  much 
accrued  experience,  especially  in  design,  maintenance,  and  inspection. 

Many  industry  representatives  feel  that  many  of  the  problems  that 
have  plagued  existing  DWPs  either  will  not  exist  or  will  be  much 
less  severe  for  U.S.  installations.  Most  of  the  existing  single  point 
moorings  are  located  either  in  remote  areas  of  the  world  or  at  distances 
from  five  to  ten  miles  offshore.  With  the  exceptions  of  ARAMCO's 
terminal  facility  installed  at  Ju'aymah,  Saudi  Arabia,  and  the  single 
point  moorings  installed  in  offshore  oil  production  fields,  the  pumping 


*A  product  of  Single  Buoy  Moorings,  Inc. 
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1)  Number  of  CALMs  in  service  does  not  include  17  older  CALMs 
taken  out  of  service. 

2)  Other  Includes:  ELSBM,  taut  anchor  leg,  SPAR. 


Figure  2-16.  Distribution  in  Number  of  Single  Point  Moorings 


and  metering  operation  for  single  point  mooring  terminals,  used  as  loading 
facilities,  are  controlled  from  the  shore.  Some  industry  representatives 
feel  that  this  lengthens  the  response  time  for  shutdown  in  an  emernency  at 
a loading  facility  compared  with  an  unloading  facility.  This  fact, 
together  with  the  higher  pumping  rates  at  a loading  facility  versus  an 
unloading  facility,  may  contribute  to  larger  volumes  spilled  at  loading 
facilities  compared  with  unloading  facilities.  As  will  be  discussed  in 
Section  3.2,  the  cause  for  an  emergency  shutdown  often  may  be  the  overflow 
or  impending  overflow  of  a tankship's  cargo  tank. 

The  operators  of  foreign  single  point  mooring  terminals,  who 
are  familiar  with  the  availability  of  spare  parts  in  the  U.S.,  feel  that 
a single  point  mooring  terminal  in  the  U.S.  would  not  be  as  difficult  to 
operate  satisfactorily  as  would  a similar  facility  in  a foreign  country. 
Comparing  the  availability  of  spare  parts  for  the  offshore  drilling 
industry  in  a foreign  area  and  in  the  U.S.,  drilling  operators  measure 
the  waiting  time  for  spare  parts  in  terms  of  hours  or  days  for  drilling 
operations  in  the  U.S.  and  in  terms  of  months  for  drilling  operations  in 
foreign  offshore  areas.  Single  point  mooring  terminal  operators  feel  the 
same  analogy  would  be  true  for  U.S.  offshore  terminals. 

The  marine  environmental  conditions  for  U.S.  deepwater  port 
locations  generally  are  not  as  severe  as  are  the  environmental  conditions 
at  most  foreign  locations.  The  environmental  conditions  for  many  U.S. 
locations  are  comparable  to  the  conditions  in  the  Mediterranean  Sea  or 
the  Persian  Gulf. 

The  actual  wave  conditions  for  future  single  point  mooring 
installations  in  the  U.S.  must  be  determined  based  on  the  specifically 
proposed  locations.  However,  Table  2-2  summarizes  the  wave  conditions 
for  the  Gulf  of  Mexico,  particularly  off  the  coasts  of  Lousianna  or 
Texas.  Waves  in  excess  of  six  feet  are  of  particular  interest  for  the 


design  and  operation  of  a single  point  mooring  in  the  Gulf  of  Mexico. 
Design  practices  for  offshore  structures  for  the  Gulf  of  Mexico  are  well 
established.  Part  of  this  practice  is  to  design  for  hurricane  conditions 
rather  than  the  cyclic  fatigue  loadings  experienced  on  marine  structures 
elsewhere  in  the  world. 


Table  2-2 

REPRESENTATIVE  WAVE  HEIGHTS  FOR  THE  GULF  OF  MEXICO 
NEAR  THE  LOUISIANA  COAST 
Source:  LOOP  Inc. 


Wave  Height 


Percent  of  Time 


0-2  feet  60% 

2-4  feet  25% 

4-6  feet  10% 

> 6 feet  5% 

Most  of  the  problems  and  about  80  percent  of  the  spillage 
volume  at  foreign  single  point  mooring  terminals  is  related  to  surface 
cargo  hoses.  In  the  CALM  design,  the  first  hose  off  the  buoy  must  absorb 
the  wave-induced  bending  moment  of  the  entire  hose  string,  and  a confused 
sea  can  cause  severe  torsion  in  the  hose  sections.  The  results  are  the 
cause  of  hose  problems  at  foreign  single  point  mooring  installations.  The 
wave  conditions  in  the  Gulf  of  Mexico  may  be  confused  at  times,  but  in 
general,  the  waves  are  not  very  high  nor  very  steep.  The  mild  daily  sea 
states  in  this  area  are  expected  to  contribute  to  reduced  problems  for 
SPM  compared  to  many  foreign  locations. 

2.3  DESIGN  AND  CONSTRUCTION  STANDARDS 

The  concept  of  the  single  point  mooring  design  was  developed 
by  the  major  oil  companies.  Approximately  95  percent  of  the  single  point 
mooring  installations  at  the  end  of  1976  are  owned  and  operated  by 
oil  companies  or  their  affiliates. 
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2.3.1 


Oil  Companies  International  Marine  Forum 


Technical  and  operating  personnel  of  the  various  oil  companies 
participate  in  the  Oil  Companies  International  Marine  Forum  (OCIMF). 

OCIMF  meets  regularly  to  discuss  various  technical  problems  particular  to 
various  aspects  of  the  oil  industry.  OCIMF  formed  a special  committee,  the 
Buoy  Mooring  Forum,  in  1966.  Until  1975,  the  committee  met  semi-annually, 
alternating  between  New  York  and  London,  to  discuss  the  operating  problems 
and  recommendations  for  improving  the  design,  construction,  inspection, 
maintenance,  and  testing  various  components  of  single  point  moorings. 
Although  the  meetings  consisted  of  open  discussions  of  the  problems  of 
single  point  moorings,  most  of  the  problems  were  particular  to  specific 
installations.  However,  the  most  common  problem  with  many  installations 
was  the  cargo  transfer  hose. 

A result  of  the  Buoy  Mooring  Forum  meetings  has  been  the 
publishing  of  guidelines  for  single  point  moorings,  especially  standards 
for  cargo  hoses. 

The  Single  Point  Mooring  Forum  Hose  Standard  is  for  rubber, 
wire-reinforced  oil  suction  and  discharge  hoses  for  offshore  moorings. 

The  purpose  of  the  Standard  is  to  provide  the  minimum  acceptable  technical 
requirements  to  ensure  the  satisfactory  performance. 

The  standards  give  both  the  technical  requirements  for 
commercial  hoses  and  the  technical  requirements  for  prototype  hose 
approval . 
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The  former  include  the  following: 

1.  Performance  requirements 

2.  Length 


8.  Classification  of  hoses 


a)  Submarine  hose 

b)  Submarine  hose  with  special  reinforced  ends 

c)  Floating  hose  with  integrally  built-in  flotation  medium 

d)  Floating  hose  with  individual  flotation  units 

e)  Tanker  rail  hose 

The  technical  requirements  for  prototype  hose  approval  includes 
the  following: 

1.  Drawings 

2.  Size  of  prototype  hose 

3.  Required  tests  for  prototype  hoses 

The  Buoy  Mooring  Forum  Hose  Guide  is  for  the  handling,  storage, 
inspection,  and  testing  of  hoses  in  the  field  under  service  conditions. 

The  guide  lists  requirements  for  the  following: 

1.  Handling 

2.  Storage 

3.  Inspection  and  testing 

The  Buoy  Mooring  Forum  SPM  Hose  Ancillary  Equipment  Guide 
provides  a common  description  of  the  terminology  and  technical  requirements 
for  the  designer  and  operator  of  SPM  systems. 

The  Buoy  Mooring  Forum  SPM  Hose  System  Commentary  is  a descrip- 
tion of  the  terminology  of  single  point  moorings,  and  an  outline  of  present 
practice  in  the  design  of  hose  systems.  The  types  of  single  point  moorings 
described  are  as  follows: 

1.  Catenary  Anchor  Leg  Mooring 

2.  Single  Anchor  Leg  Mooring 

3.  Single  Point  Mooring  Tower 

4.  Vertical  Anchor  Leg  Mooring 

The  hoses  that  are  described  are  as  follows: 

1.  Submarine  Hoses  for  the  Catenary  Anchor  Leg  Mooring 

2.  Submarine  Hoses  for  the  Single  Anchor  Leg  Mooring 

3.  Floating  Hoses 
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4.  Hose  to  Buoy  Connection 

5.  Float/Sink  Hose 

Standards  OCIMF  has  recommended  for  tanker  manifolds  and 
associated  equipment  are  aimed  at  introducing  conformity  in  manifold 
arrangements  for  all  ocean-going  tankers  engaged  in  the  transport  of  bulk 
liquid  petroleum.  Their  objective  is  to  assure  more  efficient  arrange- 
ments for  connection  to  buoy  moorings  and  alongside  berths. 


2.3.2 


Marine  Classification  Societies 


The  marine  classification  societies  are  a major  influence  on 
the  shipping  community,  because  their  design  and  construction  standards 
assure  the  soundness  of  the  marine  structure.  The  standards  are 
established  by  technical  personnel,  and  the  standards  are  constantly 
being  compared  to  existing  designs  and  their  performance  history.  These 
rules  do  not  discuss  the  cargo  transfer  operation. 

The  American  Bureau  of  Shipping  has  issued  rules  dated  1975, 
entitled  Rules  for  Building  and  Classing  Single  Point  Moorings.  These 
rules  give  the  standards  for  the  design  of  the  structural  components  of 
the  single  point  mooring  and  the  requirements  for  classification  of  the 
single  point  mooring.  Det  Norske  Veritas  and  Lloyd's  Register  of  Shipping 
are  preparing  their  own  rules  for  the  construction  of  single  point 
moorings.  Like  the  American  Bureau  of  Shipping,  these  rules  will  give 
the  standards  for  the  design  of  the  structural  components  of  the  single 
point  mooring  and  the  requirements  for  classification  of  the  single  point 
mooring. 


2.4  OIL  TRANSFER  SYSTEM 

The  type  of  deepwater  ports  (DWP)  heretofore  proposed  for  U.S. 
waters  is  an  offloading  facility  with  undersea  pipelines,  pumping  plaform, 
and  an  array  of  single  point  mooring  buoys  (SPMs)  with  floating  hose 
connections  for  the  oil  tankers.  This  type  of  facility  is  selected  for 
consideration  in  this  safety  analysis.  The  oil  transfer  system  analyzed 
extends  from  the  ship's  onboard  manifold  to  the  storage  tanks  (but  not 
including  the  tanks)  of  the  onshore  facility.  This  includes  all  the 
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elements  unique  to  a deepwater  port  facility,  used  for  either  loading  or 
offloading  purposes. 

2.4.1  System  Description 

The  principal  constituent  parts  of  the  oil  transfer  system  (OTS) 
are  illustrated  in  Figure  2-17.  The  design  of  this  facility  is  a composite 
of  the  designs  for  SEADOCK  and  LOOP  as  presented  in  References  1 and  2 and 
are  in  accordance  with  the  latest  USCG  regulations. 

The  tankships  and  VLCCs  (Very  Large  Crude  Carriers)  which  can 
be  accommodated  by  the  DWP  range  in  size  up  to  550,000  DWT.  The  limiting 
parameter  is  the  water  depth  at  the  SPMs  which  must  permit  5 feet  net 
underkeel  clearance  (after  allowance  for  vessel  movement).  Coast  Guard 
DWP  regulations,  33  CFR  150.337.  (For  both  LOOP  and  SEADOCK,  the  water 
depth  is  about  100  feet  at  the  SPMs). 

There  will  be  six  SPMs  associated  with  the  DWP.  Each  SPM  will 
be  equipped  with  two  hose  strings  for  offloading,  a monobuoy,  and  a 
connection  (the  PLEM)  with  the  undersea  pipline  to  the  platform.  Each 
hose  string  is  1300  feet  in  length  and  is  comprised  of  30-40  foot  sections 
of  flexible  floa'^ing  hoses  with  flanged  ends  bolted  together.  The  hose 
strings  are  equipped  with  navigational  aids  along  their  length  and  a 
blind  flange  and  butterfly  valve  at  the  free  end.  The  monobuoy  provides 
the  mooring  for  the  VLCC  and  contains  a swivel  which  allows  free  rotation 
of  the  hoses  about  the  buoy. 

Generally,  a VLCC  is  moored  to  the  buoy  via  two  hawsers,  each 
of  which  is  200  feet  long  and  capable  of  sustaining  the  mooring  strain. 
However,  many  SPM  operators  have  changed  to  the  use  of  a single  hawser 
because  the  yawing  motion  of  a moored  ship  tends  to  place  the  entire 
mooring  load  on  one  or  the  other  hawser  anyway.  The  buoy  itself  can  have 
several  designs,  but  the  two  most  common  are  the  Catenary  Anchor  Leg 
Mooring  (CALM)  and  the  Single  Anchor  Leg  Mooring  (SALM).  These  have 
been  described  in  Section  2. 1.2.1  and  2. 1.2. 2. 

The  SPM  pipelines  (Figure  2-17)  are  buried,  48-inch  OD  pipe- 
lines, each  about  8,000  feet  long.  One  line  connects  each  SPM  to  the 
pumping  platform.  The  pipe  will  be  of  a grade  and  thickness  to  withstand 
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Figure  2-17.  Sketch  of  Oil  Transfer  System 
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the  operating  conditions  and  the  generally  greater  laying  stresses  during 
installation.  The  pipe  will  be  coated  with  a coal-tar  mixture  to  resist 
corrosion  and  will  be  covered  with  concrete  for  negative  buoyancy. 

Finally,  the  SPM  pipelines  will  be  buried  so  that  the  top  of  the  pipe 
is  five  feet  below  the  sea  floor. 

The  pumping  platform,  located  about  22  miles  offshore,  serves 
as  a booster  station  for  the  ship's  pumps.  The  dimensions  of  the  pumping 
platform  of  this  composite  DWP  design  ai^e  225'  x 320'.  Presumably,  a 
quarters  platform  for  offshore  personnel  would  be  located  adjacent  to  the 
pumping  platform,  but  since  the  potential  for  oil  spill  from  the  crew's 
quarters  is  nil,  no  detail  is  supplied  for  it.  The  SEADOCK  design  calls 
for  two  pumping  platforms,  with  the  second  being  planned  to  meet  the 
maximum  throughput  of  4 x 10^  bbl/d.  The  SEADOCK  platforms  are  26  miles 
offshore  and  the  LOOP  pumping  platform  is  18  miles  offshore.  The  platforms 
are  constructed  according  to  standard  industry  practices  for  offshore 
structures  and  U.S.  Coast  Guard  Regulations. 

A schematic  of  the  equipment  arrangement  on  the  pumping  platform 
is  shown  in  Figure  2-18.  For  simplicity,  the  equipment  which  is  involved 
directly  with  the  transfer  of  oil  is  shown  on  one  deck  of  the  platform  and 
all  equipment  which  is  a part  of  the  waste  treatment  system  is  on  another 
deck.  The  six  SPM  pipelines  are  manifolded  to  allow  the  greatest 
flexibility  in  routing  oil  to  specific  trunklines  or  away  from  equipment 
which  is  out  of  service.  The  valves  on  the  platform,  other  than  control 
valves,  are  welded  gate  valves.  All  of  the  equipment  shown  has  drain 
lines  and  valves  which  are  used  during  maintenance  or  repair.  These  are 
not  shown  in  Figure  2-18. 

The  sampler  is  an  in-line  sampling  device  which  automatically 
collects  a portion  of  the  oil  in  the  line  for  analysis  (for  a more 
complete  description  of  the  individual  components,  see  Section  2.4.3). 
Strainers  and  air  eliminators  are  placed  upstream  from  the  pumps  for 
protection  of  the  pump  mechanism.  ' 
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The  maximum  pumping  rate  for  the  platform  is  300,000  bbl/hr. 

The  LOOP  design  utilizes  electric  motor  driven  pumps  with  three  6000  hp 
pumps  in  parallel  for  each  of  three  lines.  SEADOCK  plans  for  a total  of 
nine  liquid  fueled,  aircraft-type  turbine  driven  pumps,  each  with  15,000  hp. 
SEADOCK  allows  one  of  the  pumps  to  be  used  on  either  of  two  oil  pumping 
lines  as  necessary.  For  simplicity,  the  LOOP  pump  arrangement  was 
selected.  The  pumping  rate  is  established  by  a control  valve  to  match 
the  offloading  rate  of  the  ship. 

Each  oil  line  passes  through  a meter  and  proving  run  on  the 
pumping  platform.  The  meter  runs  are  illustrated  in  Figure  2-19.  There 
are  five  separate  metering  lines  on  each  oil  line.  Each  metering  line  is 
comprised  of  two  isolation  valves,  a flow  straightener,  a turbine  flow 
meter,  and  a control  valve.  The  meter  lines  are  connected  to  the 
meter  prover  which  is  the  calibration  instrument.  The 
prover  line  returns  this  oil  to  one  of  the  three  main  oil  lines.  Each  oil 
line  is  equipped  with  a launcher  for  passing  scrapers  and  other  piqs  through 
the  pipelines  to  the  onshore  storage  facility. 

The  waste  disposal  system  on  the  pumping  platform  is  illustrated 
in  Figure  2-20.  It  includes  the  oily  water  waste  disposal  system  and  the 
recovery  of  oil  from  the  maintenance  drain  lines.  All  oil  that  can  be 
reclaimed  is  returned  to  the  pipeline  and  all  water  is  cleaned  before  it 
is  returned  to  the  sea.  Gases  recovered  from  the  lines  and  tanks  are 
vented  to  the  atmosphere.  The  runoff  from  rains  or  spills  onto  the  deck 
are  collected  by  the  deck  drains  and  flow  into  the  oily  water  sump.  The 
fluid  then  is  pumped  into  the  skimmer  tank, and  the  oil  that  is  skimmed 
off  is  pumped  into  the  reclaimed  oil  tank.  The  remaining  fluid  is  pumped 
into  the  oil  and  water  separator  tank.  The  water  recovered  here  goes  to 
the  sea  sump.  There  is  an  emergency  overflow  from  the  skimmer  tank 
to  the  sea  sump.  The  drains  from  all  oil  transfer  equipment  on  the 
pumping  platform  go  to  maintenance  oil  drain  tank.  This  oil  can  be 
pumped  to  the  reclaimed  oil  tank  or  pumped  back  into  the  equipment  being 
serviced.  All  tanks  in  the  waste  disposal  system  are  open  to  the  vent 
drum  and  vented  to  the  atmosphere.  The  waste  disposal  system  is  a closed 
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Provers 


Figure  2-20.  Waste  Disposal  System 


system  with  only  those  openings  mentioned  above. 

There  are  three  pipelines  between  the  pumping  platform  and 
the  onshore  storage  facility.  Each  is  48  inches  outside  diameter  and 
43  miles  long.  The  offshore  portion  of  the  pipelines  is  constructed  in  the 
same  manner  as  the  SPM  pipeline  and  has  the  same  corrosion  and  concrete 
coatings.  It  is  22  miles  long  and  is  buried  to  a depth  of  3 feet,  except 
under  shipping  lanes  and  safety  zone  where  the  depth  will  be  4 feet.  The 
onshore  section  of  the  pipelines  will  be  buried  to  a depth  of  3 to  4 feet 
in  accordance  with  49  CFR  195.248.  The  onshore  pipeline  will  be  about  21 
miles  in  length. 

The  onshore  terminal  facilties  for  this  DWP  include  a booster 
pumping  station  one  mile  inland  and  a storage  tank  farm  21  miles  from  the 
shoreline.  This  arrangement  resembles  LOOP  in  the  length  of  the  onshore 
pipeline  and  SEADOCK  in  the  use  of  conventional  steel  tanks  for  storage. 

A schematic  of  the  booster  pump  station  is  shown  in  Figure  2-21.  The 
number  and  arrangement  of  pumps  is  similar  to  the  pumping  platform.  A by- 
pass line  facilitates  scraping  and  pigging  the  pipelines. 

Figure  2-22  illustrates  the  elements  of  the  onshore  storage 
facility  which  are  included  in  this  study.  These  comprise  the  scraper 
receivers,  meter  runs,  meter  prover,  receiving  manifold,  pressure  relief 
system,  and  oily  water  separator.  The  entire  facility  will  be  served  by 
a drainage  system  for  collection  of  spilled  oil  and  oily  water  run-off 
from  storms.  Equipment  such  as  the  meter  runs  and  scraper  receiver  traps 
would  be  mounted  in  areas  with  concrete  curbing  which  would  have 
separate  drains  to  an  oily  water  separator.  Each  storage  tank  is 
set  inside  a berm  dike  of  sufficient  size  to  contain  the  contents  of  the 
entire  tank  in  the  event  of  a catastrophic  failure.  Additionally,  the 
tank  farm  itself  is  assumed  to  have  a perimeter  dike  of  sufficient  capacity 
to  contain  the  run-off  from  a 100-year  storm.  It  is  assumed  that  the 
tank  farm  contains  20  tanks  of  1x10®  bbls  capacity  each. 


BOOSTER  PUMP  STATION 


Figure  2-21.  Schematic  of  the  Onshore  Booster  Pumping  Station 


Considerable  flexibility  is  required  to  make  efficient  use  of 
the  storage  facilities,  hence  the  tanks  are  connected  by  a network  of  pipe- 
lines not  shown  in  Figure  2-22.  The  assumption  is  made  that  there  is  a 
total  of  10  miles  of  buried  and  above  ground  pipeline  for  distributing 
the  incoming  oil  to  each  tank  (2600  feet  each  for  20  tanks).  Also,  the 
number  of  individual  valves  present  in  the  receiving  manifold  and  pipelines 
have  not  been  specified,  but  it  was  assumed  that  there  were  approximately 
60  of  all  types. 

The  pressure  relief  system  discharges  to  the  oily  water  separ- 
ator in  which  oil  is  reclaimed.  Water  from  the  separator  passes  into 
settling  ponds  before  discharge  from  the  facility.  Reclaimed  oil  is 
pumped  to  one  of  the  tanks  for  storage. 

2.4.2  Description  of  Operations 

The  throughput  rate  for  the  composite  DWP  used  in  «,his  study 
is  3.4  X 10^  bbl/d.  Additionally,  it  has  been  assumed  that  the  average 
VLCC  carries  1.6  x 10®  bbl  of  crude  oil  (250,000  DWT  class  of  ship)  and 
has  an  offloading  rate  of  100,000  bbl/hr.  This  implies  that  the 
average  ship  requires  at  least  16  hours  to  transfer  its  cargo.  An 
average  of  776  ships  per  year  would  berth  at  the  DWP.  With  6 SPMs 
available,  this  throughput  rate  means  that  oil  transfers  would  be  underway 
an  average  of  24  percent  of  the  total  time  available  at  each  SPM. 
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The  operation  of  the  DWP  is  controlled  by  the  personnel  who 
hold  six  positions.  Their  titles  and  responsibilities  are  described 
below: 

1.  Port  Superintendent 

• overall  responsibility  for  the  port  operation 

• movement  of  vessels  to  and  from  the  berths 
■ transfer  of  oil  through  the  port  facilities 

• prevention,  containment  and  clean-up  of  spills 

• decision  to  cease  oil  transfer  or  disconnect  moored 

ships  due  to  adverse  weather 

• evacuation  and/or  shutdown  of  port  due  to  adverse 

weather 

* 

2.  Cargo  Transfer  Supervisor 

• direct  responsibility  for  the  oil  transfer  operations 

• supervises  the  accuracy  of  quality  checks,  metering 

operation 

• responsible  for  spill  mitigation  and  prevention 

measures 

3.  Vessel  Traffic  Supervisor 

• supervises  all  vessel  movement 

• dispatches  service  vessels 

• maintains  radio  communications 

• records  all  vessel  activities  while  in  port 

• collects  and  distributes  weather  reports 

• maintains  radar  surveillance  of  the  safety  zone, 
traffic  separation  scheme  and  anchorage  area. 


4.  Cargo  Transfer  Assistant 

s boards  the  ship  prior  to  transfer 

• certifies  cargo  quantities  aboard  the  ship 

• maintains  communication  with  the  Cargo  Transfer 

Supervisor  during  the  transfer 

• observes  the  transfer  operation 

5.  Mooring  Master 

• boards  the  ship  5 miles  outside  safety  zone 

• advises  the  captain  of  the  ship 

• directs  the  ship  to  the  berth 

• supervises  the  berthing  of  the  ship 

• obtains  signed  checklist  for  the  port's  safety 

requirements 
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6.  Assistant  Mooring  Master 


• boards  the  ship  prior  to  moorinq  at  the  SPM 

• assists  the  approach  and  berthing  operation  from  the 

ship's  forecastle 

• directs  the  connection  of  the  mooring  lines 

The  safety  rules  of  the  port  to  which  each  ship  must  adhere 
are  listed  on  a checklist  to  be  completed  and  signed  before  transfer  can 
begin.  The  ship  must  keep  the  engines  in  a ready  condition,  must  have 
firefighting  equipment,  power  and  lighting  available,  must  have  officers 
and  seamen  on  duty  during  the  transfer,  and  must  have  plugged  the  scuppers. 
Smoking  and  the  use  of  transistor  radios  and  other  electrical  appliances 
on  deck  would  be  prohibited  or  restricted. 

Each  VLCC  which  departs  another  port  bound  for  the  DWP  must 
notify  the  Vessel  Traffic  Supervisor  of  its  estimated  time  of  arrival 
and  cargo  information.  This  communication  is  repeated  three  days,  24 
hours,  and  12  hours  prior  to  the  ship's  arrival.  The  port  requests 
information  about  the  ship's  manifold,  requirements  for  bunkering,  stores, 
and  medical  attention,  and  the  boarding  provisions  for  the  Mooring  Master 
and  crew. 


Personnel  from  the  DWP  board  the  arriving  ship  5 miles  outside 
the  safety  zone.  The  Mooring  Master  maintains  the  latest  weather  advisory 
and  informs  the  captain  of  the  best  route  and  speeds  for  the  berthing 
operation.  Two  motor  launches  assist  the  berthing,  one  to  keep  the  hoses 
clear  of  the  ship  and  one  to  deliver  the  mooring  hawsers  to  ship.* 

Once  the  mooring  hawsers  are  secured  and  the  pretransfer  check- 
list has  been  completed,  the  hose  hookup  begins.  The  hoses  and  SPM  are 
inspected  for  visible  leaks.  Then  the  hoist  is  connected  to  the  lifting 


Generally  only  one  launch  is  required.  At  existing  single  point  moorings 
the  ship  approaches  the  mooring  at  a 45°  angle  to  the  cargo  hose.  A 
grapnel  gun  is  used  to  launch  a grapnel  up  to  300  feet  to  pick  up  the 
hawser.  Either  the  launch  is  used  to  bring  the  hose  to  the  ship,  or  a 
grapnel  is  launched  and  connected  to  a tail  on  the  cargo  hose.  The  launch 
may  then  be  used  to  connect  the  ship's  cargo  gear  to  the  spreader  on  the 
cargo  hose. 
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buoy  and  the  hose  is  lifted  to  a predetermined  height  where  the  holding 
chains  are  connected  to  the  hose  string.  Anti -chafe  blankets  are  placed 
under  the  hose  at  the  ship's  rail.  The  blind  flanges  are  removed  and 
the  hose  is  bolted  to  the  ships'  manifold.  The  connection  is  then 
inspected  and  verified. 

The  Cargo  Transfer  Supervisor  signals  the  ship  to  open  the 
valves  and  pressurize  the  system.  The  hoses  are  checked  visually  from 
the  launch  again  for  leaks.  The  pumping  rate  is  increased  to  the  maximum 
if  no  leaks  are  found  and  continues  until  the  cargo  is  transferred. 
Metering  of  the  cargo  is  performed  on  the  pumping  platform  for  leak 
detection  purposes  and  custody  transfer. 

The  disconnect  procedure  under  normal  conditions  is  the 
reverse  of  the  connect  procedure.  Transfer  operations  must  be 
discontinued  if  wave  heights  exceed  12  feet  or  the  windspeed  exceeds 
40  mph.  VLCCs  must  be  disconnected  from  the  mooring  if  wave  height 
exceeds  15  feet  or  if  the  sustained  windspeed  exceeds  50  mph.  Service 
vessels  and  launches  are  not  permitted  to  operate  when  wave  heights 
exceed  6-8  feet. 

Large  leaks  from  the  oil  transfer  system  (between  the  pumping 
platform  and  shore  facility)  are  detected  by  frequent  flow  rate  and 
volume  comparisons  between  the  pumping  platform  and  onshore  facilities. 
Surveillance  of  the  ship  to  pumping  platform  distance  is  the  principal 
leak  detection  method  for  that  region.  Monthly  checks  of  the  offshore 
pipelines  by  airplane  also  are  planned. 

2.4.3  Components 

In  this  Section,  the  principal  components  of  the  oil  transfer 
system  will  be  described  from  a functional  viewpoint.  The  control  system 
for  the  DWP  has  been  excluded  since  only  preliminary  designs  exist 
thusfar  and  is  the  subject  of  a separate  study  by  the  U.S.C.G. 

1.  Flexible  Hose  Strings.  The  flexible  hose  strings  are  each 
about  1300'  long  and  composed  of  sections  about  30-40'  long.  The  portion 


of  hose  that  is  to  be  lifted  to  the  ship's  manifold,  called  the  tail  hose, 
is  subjected  to  more  stress  and  strain;  consequently,  it  is  usually  of 
smaller  dimensions  and  these  sections  must  be  replaced  frequently.  The 
tail  hose  sections  constitute  about  140'  of  the  total  hose  length.  The 
ship-end  of  the  tail  hose  has  a blind  flange  and  butterfly  value.  The 
remaining  hose  sections  are  24"  ID  hoses  which  are  connected  with  bolted 
flanges  at  each  end.  The  hoses  in  use  in  DWP  in  other  parts  of  the  world 
use  hoses  with  16"-24"  ID.  A schematic  of  the  construction  details  of  a 
hose  is  given  in  Figure  2-23.  In  some  cases,  the  hose  has  flotation 
material  as  an  additional  outside  cover,  and  in  others  flotation  buoys 
are  attached  to  the  hose.  The  hoses  are  maked  for  easy  identification 
and  are  equipped  with  navigation  lights. 

The  hoses  will  have  a normal  working  pressure  of  200  psi  and 
a burst  rating  at  least  five  times  that.  The  hoses  float  freely  about 
the  SPM  when  not  in  use;  however,  by  USCG  regulations,  they  must  be 
flushed  with  seawater  after  use  if  they  are  not  to  be  used  within  7 days 
of  the  previous  transfer.  When  a hurricane  is  predicted  for  the  port  site, 
the  hoses  must  be  flushed  with  water  and  the  PLEM  isolation  values  closed 
36  hours  before  the  storm  is  due. 

2.  Single  Point  Mooring.  Two  types  of  SPMs  which  allow  the 
tanker  to  rotate  about  the  mooring  were  mentioned  above:  the  catenary 
anchor  leg  mooring  (CALM)  and  the  single  anchor  leg  mooring  (SALM).  As 
described  in  Section  2.1,  many  other  types  of  SPMs  exist  or  are  planned 
for  DWPs,  however,  consideration  here  is  limited  to  these  two.  These 
and  their  components  were  described  in  detail  in  Sections  2. 1.2.1  and 
2. 1.2. 2,  respectively,  and  will  not  be  discussed  further  here. 

3.  Pumping  Platform  Equipment.  All  of  the  equipment  found  on 
the  pumping  platform  is  standard  for  oil  transfer  systems  in  which  custody 
transfer  takes  place.  The  selection  of  specific  manufacturer's  designs 
will  be  based  on  criteria  similar  to  those  of  any  other  oil  transfer 
system;  designed  throughput  rate,  reliability,  cost,  and  applicability. 
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NAME 

MATERIAL  OR  NOTE 

Liner 

Nitrile,  C.  P.  Rubber 

Breaker 

Nylon.  Rayon.  Cotton.  Steel. 

Rubber  Impregnated 

Reinforcing  Plies 

Textile  or  Steel.  Rubber  Impreg- 
nated, Counter  Wound 

Helical  Wire 

Steel-3/8"  Oia.  to  5.'8"  Oia. 

Filler  Material 

Nitrile.  S.  B.  Rubber.  Natural 

Rubber 

Outer  Cover 

Neoprene.  Polyurethane 

Figure  2-23.  Hose  Construction  Details 
Source:  Reference  4 


The  samplers  used  will  be  installed  in  the  main  oil  lines. 

They  operate  continuously  and  collect  small  samples  at  predetermined 
intervals.  The  sampling  interval  is  determined  by  the  number  revolutions 
the  sampling  cup  makes  between  open  periods.  Figure  2-24  illustrates  the 
sampling  principle  for  one  sampler  design.  These  samples  are  analyzed 
chemically  for  determination  of  crude  oil  grade,  density,  etc. 

Upstream  from  the  pumps,  strainers  and  air  eliminators  are 
installed.  These  serve  to  minimize  the  amount  of  solid  particles  and  gas 
bubbles  that  reach  the  pumps.  A strainer  consists  of  a cylindrical  basket 
mounted  in  the  oil  line.  Inside  the  basket  is  a screen  designed  to  catch 
solid  particles  which  may  be  present  in  the  oil  line.  Figure  2-25 
illustrates  the  principle  of  a strainer.  There  is  usually  a small  drain 
line  (2")  to  facilitate  maintenance  and  some  are  equipped  with  differential 
pressure  gauges  on  either  side  of  the  device  to  signal  when  the  screen 
needs  cleaning. 

The  air  eliminator  is  a vertical  or  horizontal  chamber  with  a 
vent  at  the  top  through  which  trapped  gases  in  the  oil  stream  may  escape. 
The  opening  and  closing  of  the  vent  is  controlled  by  float  switches  which 
indicate  the  fluid  level.  Figure  2-24  illustrates  an  air  eliminator. 

The  chamber  is  equipped  with  a drain  line  for  maintenance. 

When  positive  displacement  meters  are  used  for  custody 
transfer,  strainers  and  air  eliminators  may  be  used  immediately  upstream 
to  protect  them. 

The  pumps  used  on  the  platform  are  high  volume,  multiple 
stage  centrifugal  pumps.  They  have  detectors  for  excessive  bearing 
vibration,  adequate  lubrication  and  excessive  casing  pressure.  The 
detection  system  has  a two-stage  alarm  such  that  when  one  parameter  goes 
out  of  bounds:  first,  an  alarm  is  sounded  at  the  control  console  and, 
second,  if  the  condition  does  not  improve,  the  pump  is  shut  down.  Drain 
lines  and  lines  for  the  seal  coolant  are  provided  for  maintenance  and 
operation.  Maintenance  is  required  on  a regular  basis  for  the  bearings, 
seals,  and  the  detection  system.  The  dimensions  of  the  pump,  its  casing. 
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STEP  1 


DISCHARGE 

PORTS 


A senes  of  three  sets  of  ports  provide  entrance 
to  the  sample  cavity  The  ports  in  the  cage  and 
sample  cup  are  always  lined  up  with  each  other 
SAMPLE  P'P®  There  is  no 

CUP  relative  movement  between  these  two  ports  The 
ports  in  the  cam  (cup  remains  stationary)  are 
aligned  with  the  cage  and  cup  ports  by  coun* 
terciocKwise  rotation  of  the  drive  stem  In  this 
position  in  the  cycle  the  sample  cavity  is  open  to 
the  line  and  is  continuously  filled  and  flushed  by 
the  fluid  flowing  through  it 


O STEP  2 
^ ISOLATE 

The  sample  is  isolated  m the  sample  cup  by  the 
rotary  sleeve  valve  action  of  the  por*s  m the  cam 
Jif  rotating  beyond  the  ports  in  the  sample  cup  A 
SAMPLE  sample  has  thus  been  captured  isokmei'cally  m 
its  natural  slate  of  flow  m a voiumetncaliy  pre- 
cise and  repeatable  quantity 


SAMPLE 
oEuvfry 
n.oE 


STEP  3 
EJECT 

Further  rotation  of  the  cam  brings  into  align- 
ment the  two  discharge  ports  of  the  optically 
flat,  lapped  shear  valve  at  the  bottom  of  the 
sample  cup  Line  pressure  behind  the  piston 
elects  the  sample  through  the  shear  valve  into 
the  delivery  line  and  to  a sample  receptacle  or 
analyzer  NOTE  Pressure  is  equalized  across  all 
sample  leakage  paths  except  the  hardened 
shear  valve  surface  thus  assuring  a precise  vol- 
ume of  sample  At  the  completion  of  the  piston 
stroke  electing  the  sample  a plug  on  the  bot- 
tom of  the  piston  seals  the  shear  valve  port  until 
the  shear  valve  closes  Further  rotation  of  the 
cam  lifts  the  pressure  equalized  piston  and 
opens  the  sample  cavity  to  line  flow  completing 
the  cycle  of  operation 


Source:  Cl  if  Mock  Co. 


Figure  2-24.  Automatic,  Continuously  Operating  Sampler 


2-55 


Figure  2-26.  An  Example  of  a Horizontal  Air  Eliminator 
Source:  WEAMCO 


and  other  components  depend  on  the  pump  type  and  volume.  Consequently, 
the  sample  diagram  provided  in  Figure  2-27  is  representative  of  only  one 
type  of  pump  which  might  be  used. 

For  critical  electrical  equipment,  standby  generators  are 
required  in  case  electrical  power  is  lost  from  the  main  supply  source. 

For  the  hydraulic  fluid  pumps,  gas-driven  generators  may  be  used  in 
emergency  situations. 

The  meters  used  for  custody  transfer  on  the  DWP  are  turbine 
flow  meters.  Figure  2-28  is  a Daniel  PT  Meter  System.  Fluid  passing 
through  the  meter  causes  the  rotor  to  revolve  with  an  angular  velocity 
proportional  to  the  flow.  The  rotor  blades,  passing  through  the  magnetic 
field  of  the  pick-up,  generate  a pulsing  voltage  in  the  coil  of  the 
assembly.  Each  voltage  pulse  represents  a discrete  volume.  The  total 
number  of  pulses,  integrated  over  time,  represents  the  total  volume 
metered.  An  alternative  is  a positive  displacement  meter  which  is  much 
more  expensive  and  requires  more  maintenance. 

Each  individual  meter  is  calibrated  with  a prover  such  as 
the  one  shown  in  Figure  2-29.  The  prover  functions  by  measuring  the  time 
required  for  a spheroid  to  travel  the  prover  loop  which  is  of  known 
volume  and  comparing  this  to  the  volume  calculated  by  the  turbine  meter. 
From  this  a meter  factor  is  determined  for  each  meter. 

Each  oil  line  is  equipped  with  a scraper  launcher  on  the 
platform  so  that  cleaning  pigs  can  be  passed  through  the  lines  as  required 
A launcher  consists  of  a chamber  with  one  hinged  end,  an  inlet  from  the 
oil  line,  and  an  outlet  line.  A schematic  of  a typical  launcher  is  shown 
in  Figure  2-30.  Pigs  are  loaded  into  the  chamber,  the  lid  secured,  and 
the  isolation  valve  opened  to  direct  the  flow  to  the  launcher.  The  pig 
is  carried  by  the  oil  in  the  line.  A drain  line  is  provided  for  mainten- 
ance purposes. 
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3.0  OIL  SPILL  RISK  ASSESSMENT 


3.1  MALFUNCTION  AND  SPILL  DATA  FOR  DEEPWATER  PORTS 

Monobuoy  and  other  mooring  systems  to  handle  deep  draft  ships 
offshore  have  been  in  use  for  over  17  years.  As  mentioned  in  Section  2.2 
there  are  at  present  over  150  operational  SPMs  around  the  world. 
Unfortunately,  there  has  been  in  the  past  no  uniform  and  concerted  effort 
throughout  the  industry  to  assemble  and  document  malfunctions,  oil  spills 
and  other  problems.  However,  during  the  last  three  to  four  years  such 
an  effort  has  been  initiated,  primarily  under  the  auspices  of  the  OCIMF. 
In  particular,  an  extensive  study  of  problems  with  floating  hoses 
encountered  by  SPM  operators  was  undertaken.  The  result  has  been  a more 
general  recognition  by  the  operators  of  the  importance  of  quality  control 
during  hose  manufacture  and  of  the  use  of  proper  tec  ^qijes  for  handling 
and  storage  of  hose  segments  and  strings.  Although  the  OCIMF  provides 
a means  for  SPM  operators  to  discuss  mutual  problems  and  experiences, 
the  operating  practices  and  exchange  of  data  is  a matter  of  individual 
choice.  Hence  there  is  little  "hard"  data  to  serve  as  a basis  for 
assessing  the  performance  of  a general  SPM  or  deepwater  port. 

In  spite  of  this  situation  it  is  useful  to  collect  what  data 
and  information  have  been  released  by  individual  industries  in  order  to 
perceive  what  the  problem  areas  are  and  what  kind  of  spill  hazards  are  to 
be  anticipated.  Some  oil  spill  data  have  been  made  public:^  (1)  ECO, 

Inc.  (via  the  SPM  Form  of  the  OCIMF);  (2)  Shell  Oil  Company's  tally  of 
spills  at  its  SPM  at  Durban,  Union  of  South  Africa,  reported  to  the 
House  of  Lords  (U.K.)  during  hearings  on  the  Anglesey  terminal;  spillage 
from  Shell  Oil  Company  SBM  terminals  through  October  1971,  reported  by 
the  Anglesey  Defense  Action  Group,  and  a submittal  from  Exxon  on  four 
SPM  installations.  These  data  reflect  experience  prior  to  1973.  Also 
these  same  data  have  been  reported  in  a number  of  different  references. 

In  addition  to  these  data,  representatives  of  several  terminal  operators 
have  discussed  informally  their  operating  experience,  especially  the 
occurrence  of  oil  spills. 
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In  the  following  paragraphs  these  data  are  utilized  to  develop 
some  statistics  regarding  the  frequency  of  oil  spills  at  SPMs  and  to 
identify  important  failure  modes. 

For  convenience  the  Shell -Anglesey,  Shell  Durban  and  the  ECO  data 
are  repeated  here  in  Tables  3-1,  3-2,  3-3,  and  3-4.  The  Shell -Anglesey 
data  are  shown  in  a somewhat  different  manner  than  in  the  past.  Shown  in 
the  fifth  column  of  the  tables  are  the  number  of  operational  SPM-years, 
which  is  the  product  of  the  number  of  SPMs  and  the  number  of  years  each 
has  been  in  operation.  The  seventh  column  lists  the  number  of  spills 
divided  by  the  number  of  port  calls,  the  frequency  of  spills  per  loading 
or  offloading  operation.  As  will  be  noted,  the  "Durban"  spills  shown 
separately  in  Table  3-3  are  included  in  Table  3-1.  The  former  table  shows 
that  out  of  the  total  of  23  spills,  only  13  resulted  from  a failure  or 
operational  error  associated  with  the  SPM  itself  or  the  oil  transfer 
system.  The  remaining  10  spills  resulted  from  some  mishap  associated 
solely  with  the  tankship  such  as  a hull  leak  or  a mistake  made  by  the 
tankship's  crew  in  allowing  a cargo  tank  to  overflow.  This  suggests  that 
not  all  of  the  spills  at  the  other  locations  listed  in  Tables  3-1  and  3-2 
were  associated  with  the  oil  transfer  system  or  the  SPM.  However,  there 
is  no  clarifying  information  regarding  this  except  to  note  that  operators 
of  conventional  oil  transfer  terminal  usually  claim  that  the  majority  of 
oil  spills  during  loading  or  offloading  are  from  the  ship.  In  Table  3-1, 
only  the  13  SPM-associated  spills  for  Durban  are  included.  For  lack  of 
better  information,  the  spills  at  the  other  terminals  are  assumed  to  be 
associated  only  with  the  SPM  or  the  oil  transfer  system. 

The  values  of  spills  per  port  call  have  been  plotted  versus  SPM- 
years  in  Figure  3-1,  combining  both  offloading  and  loading  ports.  As 
might  be  expected,  this  plot  indicates  that  the  frequency  of  spills 
decreases  with  experience.  Indeed,  after  approximately  10  SPM-years, 
the  frequency  of  spills  levels  out  at  about  0.02  spills  per  ship  call. 

As  will  be  shown  subsequently  in  Section  3.2,  this  frequency  is  not 
significantly  different  than  the  spillage  rate  experienced  at  conventional 
oil  transport,  marine  terminals. 
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LISTING  OF  FIRST  23  DURBAN  SPILLS 
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Also,  Figure  3-1  indicates  that  the  spill  frequency  is  about 
the  same  for  both  loading  and  offloading  ports.  However,  this  is 
somewhat  misleading.  The  original  Shell -Anglesey  data  as  reported  in 
Reference  3 also  listed  volume  of  oil  spilled.  In  summary,  the 
average  spillage  volume  (total  volume  spilled  divided  by  the  total  number 
of  ship  calls)  is  0.33  bbls  per  ship  call  for  offloading  ports  versus 
10.6  bbls  per  ship  call  for  loading  ports.  The  reason  for  this 
difference  between  volumes  spilled  at  loading  and  offloading  ports  is 
not  known  with  certainty.  However,  the  experience  of  some  terminal 
operators  indicates  much  of  the  difference  may  result  from  accidents  at 
loading  ports  in  which  one  or  more  cargo  tanks  overflow.  Such  a mishap 
does  not  involve  the  integrity  of  the  oil  transfer  system  but  is  a matter 
of  control  and  proper  operating  procedure. 

The  spillage  frequency  of  0.02  spills  per  ship  call  derived 
above  must  be  viewed  with  caution.  First,  it  reflects  the  experience 
of  a single  oil  company.  The  spillage  experience  at  the  SPMs  of  other 
companies  could  be  considerably  better  or  worse.  Second,  the  criteria 
for  reporting  spills  and  their  inclusion  into  the  list  is  unknown.  The 
spills  reported  by  some  terminals  in  Table  3-1  and  3-2  were  no  more  than 
250  gals  whereas  other  operators  reported  only  a few  large  spills  much 
greater  than  150  gal,  but  no  small  spills.  Third,  as  already  noted,  the 
source  of  the  spills  is  not  known  and  only  some  actually  may  be  associated 
with  the  oil  transfer  system.  Fourth,  the  spillage  rate  reflects  practices 
prevalent  during  the  1960s,  especially  the  later  years  of  that  decade. 

Nevertheless,  this  frequency  of  spillage  was  used  as  the  basis 
for  the  quantitative  assessment  of  the  risk  of  oil  spills  to  be  presented 
subsequently  in  Sections  3.3  and  3.4.  Although  knowledgeable  industry 
representatives  have  claimed  that  operating  procedures  and  inspections, 
recently  introduced, have  greatly  reduced  the  frequency  of  spills,  the 
above  derived  value  still  represents  at  least  a potential  risk  of  spills. 

The  SBM  Forum  data  in  Table  3-4,  together  with  the  "Durban"  data 
were  used  to  help  identify  the  major  causes  of  spills.  The  Forum's  data 
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lists  45  incidents  of  which  40  were  spills  from  SPMs  with  floating  hoses. 
These  data,  together  with  the  "Durban"  data  have  been  aggregated  in  Table  3-5 
by  cause  or  source  of  the  spill.  Assuming  that  the  combined  sets  of  data 
represent  a random  sample,  79  percent  of  SPM  spills  result  from  various 
problems  with  either  the  floating  or  underbuoy  hoses.  The  remaining 
causes  and  sources  of  spills  include  leaky  valves,  failure  of  the  mooring 
line  (breakout),  a vessel  hitting  the  buoy  and  rupture  of  an  expansion  joint 
in  the  tanker's  product  lines. 

Further  breakdown  of  hose  failures  by  cause  is  not  possible  using 
available  information.  In  their  study  of  hose  failures.  Southwest 
Research  Institute  (SWRI)  obtained  via  a questionnaire  a breakdown  of  the 
reasons  why  operators  replaced  hose  segments  or  hose  strings.^  The  reasons 
were  aggregated  into  seven  categories: 

1.  Hose  Fracture  or  Breakage  - fatigue,  excessive  internal 
pressure,  bending,  excessive  tensile  load  and  being 
struck  by  a boat; 

2.  Nipple  Leak  - weakened  nipple-liner  bond  and  tearing  of 
liner  just  beyond  the  nipple; 

3.  Nipple  Pull-Out  - ship  breakout  and  broken  binding  wires; 

4.  Kinking  (and  Delayed  Fracture)  - mishandling,  severe 
environmental  forces  (e.g.,  first  off  buoy  or  rail  hoses); 

5.  Liner  Collapse  - Poor  adhesion,  oil  penetration  and  excessive 
vacuum; 

6.  Abrasion  of  Covers  (Delayed  Failure)  - Rubbing  on  sea  floor, 
hoses  rubbing  on  each  other  and  rubbing  on  some  other  object 
(e.g. , ship  and  buoy); 

7.  Failure  of  Flotation  Material  - damage  by  ship's  propellers, 
chain  dragging,  etc. 

The  number  of  replacements  as  reported  by  SWRI  are  listed  in 
Table  3-6,  which  aggregates  the  data  for  the  three  types  of  hoses — ^first 
off  buoy,  rail  and  mainline.  Table  3-6  also  distinguishes  whether  or 
not  the  problem  leading  to  replacement  was  associated  with  the  area  at  or 
near  the  nipple-hose  junction.  Sixty  percent  of  all  hose  problems 
occurred  at  this  location.  The  nipple-hose  connection. 


Table  3-6 


HOSE  FAILURES  - REASONS 
FOR  REMOVAL  FROM  SERVICE 


Reason 

Number  of 
Failures 

Percent 
of  Total 

Number 
at  Nipple 

Percent 
at  Nipp' 

1. 

Fracture- Rupture 

103 

41.6 

84 

81.6 

2. 

Nipple  Leak 

40 

16.1 

40 

100.0 

3. 

Nipple  Pull-Out 

2 

0.8 

2 

100.0 

4. 

Kinking 

43 

17.3 

12 

27.9 

5. 

Liner  Collapse 

28 

11.3 

9 

32.1 

6. 

Cover  Abrasion 

13 

5.2 

1 

7.7 

7. 

Flotation  Failure 

19 

7.7 

0 

0 

TOTAL 

248 

100.0 

148 

59.7 

r 
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as  pointed  by  the  SWRI  study,  is  especially  subject  to  much  bending  and 
fatigue  and  hence  it  is  reasonable  to  expect  a relatively  large  number  of 
problems  there. 

Presumably  the  first  three  reasons  listed  involved  leakage.  It 
is  not  clear,  from  the  reported  data,  that  leakage  was  an  immediate  factor 
in  the  other  four  reasons  for  hose  removal.  However,  it  is  likely  that  if 
the  hoses  with  the  last  four  types  of  problems  were  left  in  service  too  long, 
leaks  would  eventually  develop.  For  example,  a kinked  hose  will  suffer 
extra  bending  and  fatigue  at  the  location  of  the  kink,  and  as  a result, 
the  re-enforcing  wire  may  break  or  the  liner  may  collapse  and  break.  The 
former,  in  turn,  could  eventually  result  in  penetration  of  the  hose  by  the 
broken  wire;  in  the  latter  case,  oil  will  eventually  leak  through  the  tear 
in  the  linear  and  through  the  outer  layers  of  the  hose. 

The  data  presented  above  generally  conforms  with  the  more 
qualitative  impressions  of  industry  representatives.  They  concur  that 
hoses  give  80  to  90  percent  of  the  problems.  These  problems  are  not 
necessarily  spills  but  various  types  of  damage,  such  as  the  loss  of 
flotation  or  a kinked  hose,  which  lead  to  operational  difficulties.  The 
remaining  10  to  20  percent  of  the  problems  are  felt  to  be  divided  between 
failures  of  other  components  and  human  errors. 

One  representative  stresses  the  problems  with  the  mooring  hawsers. 
High  cyclic  loads,  caused  by  movement  of  the  buoy  and  ship  at  different 
frequencies,  led  to  fatigue,  decreased  strength  and,  finally,  failure  of  the 
hawser.  Presently  there  is  no  monitoring  system  in  use  which  can  detect 
the  extent  of  fatigue  and  loss  of  strength  in  the  hawser.  Some  companies 
favor  using  a single,  large  diameter  hawser  instead  of  two  smaller  ones. 

The  reason  for  this  is  that  ships  often  undergo  an  oscillating  yawing 
motion,  such  that  the  full  mooring  load  is  imposed  alternately  on  each 
hawser,  especially  if  the  ship's  fairleads  are  rather  far  apart. 

Representatives  of  the  OCIMF  feel  that  many  hose  problems  have 
been  greatly  reduced  or  eliminated.  Many  of  the  failures  which  have 
occurred  in  the  past  (and,  by  implication,  are  reflected  in  the  spill  data 
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in  Tables  3-1,  3-2,  and  3-3)  are  much  less  prevalent  today.  This  has  ^ 

come  about  through  improved  handling  and  storage  of  new  hoses  (a  problem  i 

I 

j recognized  in  the  SWRI  study),  improved  inspection  and  quality  control  '■ 

i during  manufacture  and  better  testing  methods. 

i 

These  representatives  state  further  that  for  the  CALM  buoy,  the 
first  hose  off  the  buoy  has  the  worst  service  life  because  of  the  wave 
induced  bending  moments  and  fatigue.  This,  of  course,  depends  on  the  sea 
states  at  the  buoy  location,  and  in  some  isolated  locations  this  hose  has 
lasted  3 to  4 years.  However,  as  a rule  of  thumb,  one  company  replaces 
this  hose  every  8 to  9 months.  Hoses  in  the  floating  string  are  not 
subject  to  many  problems  anymore.  Several  companies  pressurize  the  hose 
strings  with  air  in  order  to  reduce  bending  and  improve  the  manner  in 
which  the  hoses  ride  the  waves.  This  also  aids  in  inspection  of  the  hoses 
for  leaks  since  escaping  air  bubbles  are  relatively  easy  to  see.  The 
same  company,  as  above, replaces  the  hose  string  every  18  months  as  a rule. 

Rail  hoses  are  built  to  be  more  flexible  than  the  others,  but  nevertheless 
are  subject  to  considerable  chafing  and  kinking.  The  later  may  reduce 
throughput,  but  rarely  contributes  to  pollution  unless  the  kinked  condition 
is  ignored  by  the  operator.  Submarine  hoses  have  a low  failure  rate  and 
are  easily  inspected  by  divers.  The  same  company  as  above  recommends 
replacement  every  12  to  15  months. 

The  prevalence  of  hose  leaks  close  to  the  nipple,  especially  leaks 
through  failed  areas  of  the  bonding  between  the  hose  and  nipple,  have  been 
substantially  reduced  in  recent  years.  High  standards  for  the  construction 
of  this  part  of  the  hose  have  been  emphasized  by  OCIMF  and  most  companies 
require  from  the  manufacturer  careful  attention  and  good  quality  control 
over  the  hose-nipple  bond.  Pressure  tests  help  to  detect  failures  before 
installation.  Also,  keeping  the  hose  pressurized  between  ship  calls  helps 
to  reduce  fatigue  in  this  area  and  makes  leak  detection,  prior  to  pumping 
oil,  easier. 

At  some  SPM  locations  float-sink  hoses  are  used.  These  generally 
are  used  in  locations  where  ship  traffic  is  heavy,  such  as  in  Tokyo  Bay, 

Japan.  When  not  in  use,  the  hoses  are  sunk  to  the  bottom  so  they  will 
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not  interfere  with  surface  traffic.  One  such  installation  has  been 
operated  by  the  U.S.  Navy  at  Koshiba  in  Tokyo  Bay  since  1967.  The  SPM 
is  a CALM  type  (IMODCO)  having  three  hoses:  two  12-inch  cargo  hoses 
and  a center  12-inch  hose  containing  two  2-inch  air  line  and  one  4-inch 
water  line.  Both  the  air  lines  and  the  water  line  are  connected  to  two 
hollow  buoys  at  the  outboard  end  of  the  hoses.  To  sink  the  hoses,  water 
is  pumped  into  both  the  buoys  and  the  available  space  in  the  12-inch  hose 
containing  the  air  and  water  lines.  To  raise  the  hoses,  air  is  pumped 
into  these  spaces.  This  hose  string  is  600  feet  and  the  CALM  buoy  is 
approximately  one-mile  offshore. 

During  the  ten  years  of  operation  the  principal  problems 
encountered  have  been  damage  to  the  float-sink  and  underbuoy  hoses 
caused  by  fishing  vessels  and  bottom  currents  (both  natural  and  those 
caused  by  passing  vessels).  The  damage  has  consisted  of  severe  chafing 
and  slashing  (from  anchors,  fishing  lines,  fishing  nets,  etc.)  The  latter 
occasionally  resulted  in  a spill  when  the  hoses  were  left  full  of  product. 
A former  executive  officer  of  the  facility  reported  that  they  experience 
many  leaks  (1/2  to  2/3  of  all  leaks)  through  the  flange  seals  between  hose 
segments^  These  were  cured  by  tightening  the  flange  bolts.  They  did  not 
perform  a pre-pressurization  test  prior  to  flow  of  product  through  the 
hoses.  Leaks  were  detected  by  visual  observation.  Although  not  a cause 
of  spills,  corrosion  was  a continual  maintenance  problem  for  the  buoy  and 
the  bolts  fastening  the  flanges  of  the  hose  segments. 
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HISTORICAL  SPILL  DATA  ON  OIL  TRANSFER  OPERATIONS 


This  section  reviews  accidents  and  spills  that  have  occurred 
during  off-loading  and  transport  of  oil  in  more  conventional  equipment. 

The  purpose  is  to  elucidate  the  types  of  accidents  and  equipment  failure 
modes,  most  of  which  will  be  applicable,  in  some  degree,  to  deepwater 
ports.  Another  purpose  is  to  develop  the  frequency  of  certain  types  of 
accidents,  which  will  be  directly  applicable  to  the  Oil  Transfer  System 
of  deepwater  ports.  First,  data  on  the  types  and  causes  of  spills  during 
loading  or  discharge  of  bulk  liquid  cargoes  is  reviewed.  Second, 
statistics  on  spills  from  liquid  pipelines,  both  terrestrial  and  under- 
water in  the  Gulf  of  Mexico  Outer  Continental  Shelf  will  be  discussed. 
Third,  data  pertaining  to  accidents  and  spills  of  oil  from  offshore  oil 
production  platforms, also  in  the  Gulf  of  Mexico, will  be  reviewed. 

Table  3-7  lists  the  number  of  polluting  incidents  by  cause  during 
the  loading  or  offloading  of  tankships  in  all  U.S.  ports  during  1974  and 
the  first  eight  months  of  1975.  The  data  were  extracted  from  the  data 
tape  of  U.S.  Coast  Guard's  Pollution  Incident  Reporting  System  (PIRS).® 

Most  of  the  spills,  89  percent,  occur  from  the  tankship,  and  of  these  the 
single  most  frequent  cause  is  tank  overflow,  35  percent  of  the  spills 
from  the  tankship.  Presumably,  most  of  these  spills  occurred  during 
loading  operations.  The  next  ranking  cause  is  the  failure,  rupture  or  leak 
of  various  types  of  equipment,  29  percent  of  spills  from  the  tankship. 

For  spills  from  the  failure  of  terminal  equipment,  leaks  and  ruptures 
are  the  leading  causes,  amounting  to  55  percent  of  spills  from  the 
terminal.  Various  personnel  errors,  including  bilge  or  ballast  pumping 
cause  16  percent  and  25  percent  of  the  spills  from  the  ships  and  the 
terminal,  respectively. 

Figure  3-2  shows  the  distribution  of  spill  size  with  the  number  of 
spills  for  the  PIRS  data.  It  may  be  noted  that  most  of  the  spills  were 
small,  the  median  being  only  0.5  bbls.  Only  8 of  the  spills,  1.4  per- 
cent, were  greater  than  100  bbls.  By  cause.  Cargo  Tank  Overflow  accounted 
for  3 spills  over  100  bbls,  Valve-Pump  Failure  accounted  for  2 spills 
over  100  bbls,  and  the  Unknown  cause  category  accounted  for  3 spills  over 
100  bbls.  The  largest  spill,  in  the  range  1000-3000  bbls  also  was  in  the 
last  category. 
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Table  3-7 


CAUSES  OF  OIL  SPILLS  ASSOCIATED 
LOADING  AND  OFFLOADING  TANKSHIPS 
AT  MARINE  TERMINALS 

(All  U.S.  Ports,  20  months  during  1974-1975) 


Cause 

Cause 

Number  of 

Spills  at  Terminal 

Number  Spills 
from  Ship 

Tank  Overflow 

10 

212 

Unknown 

4 

96 

Valve-Pump  Failure 

5 

73 

Pipe-Hose  Rupture  or  Leak 

22 

51 

Other  Equipment  Failure 

11 

51 

Improper  Hose  Handling  or 
Valve  Operation 

8 

37 

Other  Personnel  Error 

9 

58 

Hull  Leak 

-- 

23 

TOTALS 

69 

607 

Source:  USCG  Pollution  Incident  Reporting  System. 
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The  frequency  of  cargo  tank  overflow  spills,  together  with  their 
relatively  large  size  seems  to  support  the  contention  that  such  accidents 
contribute  significantly  to  the  poorer  spill  record  of  loading  type  SPM 
terminals. 

According  to  the  data  in  Table  3-7  a total  of  655  spills  occurred 
during  the  loading  or  offloading  of  tankers  in  U.S.  ports  over  the  20- 
month  period  covered.  Based  on  data  from  the  U.S.  Army  Corps  of  Engineer 
Report,  Waterborne  Commerce  in  the  United  States,^  it  was  estimated  that 
there  were  approximately  33,000  tankship  trips  annually  into  U.S.  ports 
for  the  period  of  1974  to  1975.  Assuming  that  for  each  trip  only 
one  stop  is  made  in  a port  to  load  or  offload  bulk  liquid  cargo, 
then  it  is  estimated  that  there  were  approximately 


33,000  X = 55,000 


tankship  loading-offloading  operations  in  U.S.  ports  during  the  20-month 
period  covered  by  the  spill  data.  Therefore,  it  is  further  estimated 
that  the  spill  frequency  during  these  operations  is 


676 

55,000 


= 0.012  spills/port  call 


Within  the  accuracy  of  the  data  used,  this  spill  frequency  is  essentially 
the  same  as  that  at  worldwide  SPMs. 

Similar  data  are  available  for  the  port  of  Milford  Haven,  U.K. 
Reference  16  gives  the  following  data 


Year 

1961 

1964 

1967 

1970 

1973 

Total  number 
of  spills 

45 

43 

55 

56 

50 

Number  of  ships 

1,066 

1,392 

2,680 

3,359 

3,886 

Spills  per 
port  call 

0.042 

0.031 

0.021 

0.017 

0.013 

T 


The  same  reference  states  that  approximately  75  percent  of  the  spills 
are  from  the  tankship.  In  contrast  to  U.S.  ports  only  19  percent 
of  the  spills  result  from  overfilling  cargo  or  bunker  fuel  tanks. 

The  major  causes  are  "Bi Iges/Bal last"--26  percent;  "Hull  Defects"-- 
24  percent;  and  "Sea  Valve"--21  percent.  From  the  terminal  the  major 
causes  of  spills  are  the  "Pipeline  Hoses"— 48  percent  and  "Sumps/Slop 
Tanks"— 23  percent.  The  lower  incidence  of  tank  overfill  accidents 
may  be  a result  of  the  port's  heavier  usage  for  the  offloading  of 
’ 'quid  cargoes. 

Estimates  of  the  frequency  and  the  amount  of  oil  spilled 
because  of  possible  pipeline  accidents  may  be  derived  from  statistics 
collected  by  the  Office  of  Pipeline  Safety  Operations  (OPSO),  Department  of 
Transportation.®  By  law,  U.S.  pipeline  operators  must  report  a spill 
from  pipelines  transporting  a liquid  product  to  the  OPSO  if  the 
spill  exceeds  50  barrels,  or  if  there  is  an  injury  or  death  associated 
with  the  accident.  The  population  of  pipelines  to  which  the  spill 
statistics  apply  were  obtained  from  the  Bureau  of  Mines,  Department 
of  Interior.  Every  three  years  they  report  the  total  mileage  of 
crude  oil  and  oil  product  trunklines  and  gathering  pipelines  in  the 
U.S.  As  of  January  1,  1974,  there  were  222,355  miles  of  pipeline 
in  the  U.S.,  which  are  distributed  fairly  evenly  between  the  three 
groups.^  Of  this  total,  190,331  miles  were  12  inches  in  diameter  or 
less.  Only  32,024  miles  of  pipeline  were  larger  than  12  inches, 
and  only  2,272  miles  were  36  inches  in  diameter  or  larger. 

The  information  on  spills  from  pipelines  is  reported  to 
OPSO  on  DOT  Form  7000-1,  and  includes  the  owner  of  the  pipeline, 
the  spill  location,  the  cause  of  the  spill,  the  installation  date 
of  the  pipeline,  the  diameter,  the  product  carried,  and  the  amount 
of  oil  spilled  (usually  a best  estimate).  Table  3.8  lists  pipeline 
spills  during  the  five-year  period,  1971  through  1975,  by  cause. 

The  major  cause  of  spills  from  older  pipelines,  those  installed  before 
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CAUSES  OF  PIPELINE  LEAKS  AND  SPILLS 
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1950,  is  external  corrosion.  Since  the  1940's,  much  improved  tech- 
niques have  come  into  usage  to  prevent  corrosion.  Thus  the  major 
cause  of  spills  in  newer  pipelines  is  accidental  breakage  by  exca- 
vation or  construction  equipment.  Most  larger  pipe,  that  greater 
than  12  inches  in  diameter  has  been  installed  since  1950,  and  for 
it,  too,  the  major  cause  of  spills  is  damage  by  excavation  equip- 
ment. 

The  spillage  data  were  broken  down  into  two  categories  accord- 
ing to  size.  There  are  insufficient  data,  statistically,  for  a 
breakdown  for  each  individual  size  of  pipeline.  The  spill  rate 
(spills  exceeding  50  barrels)  from  pipelines  less  than  12  inches  in 
diameter  was  estimated  by  dividing  the  total  number  of  spills  by 
the  mileage  existing  at  the  beginning  of  1974,  and  normalizing  to 
one  year: 


738  + 519  1 

190,331  ^ 5 


1.21x10"^  spills/mile-year  (spills  > 50  bbls). 


The  distribution  of  the  sizes  of  the  reported  spills  are 
plotted  on  log  normal  probability  coordinates  in  Figure  3.3.  For  the 
larger  diameter  pipelines,  these  data  show  the  median  spill  size  to 
be  approximately  850  barrels.  For  pipelines  less  than  12  inches  in 
diameter,  the  median  spill  size  is  360  barrels.  For  the  larger  dia- 
meter pipelines  8 percent  of  the  reported  spills  exceeded  10,000  bbls. 
By  cause,  one-third  of  these  larger  spills  resulted  from  corrosion 
and  two-thirds  from  a defective  pipe  seam. 

The  spill  data  for  underwater  pipelines  transporting  liquids 
(mainly  crude  oil)  is  not  as  extensive  as  for  terrestrial  pipelines. 
During  the  period  1967  through  1976  there  were  a total  of  17  spills 
of  crude  oil,  exceeding  50  bbls.,  from  leaks  and  breaks  in  under- 
water pipelines  in  the  Gulf  of  Mexico  Outer  Continental  Shelf. 

The  spills  are  listed  in  Table  3.9.  Seven  of  these 
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Pipelines  Transporting  Liquids 


PERCENTAGE  OF  SPILLS  - ACCUMULATIVE 


Table  3-9 
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Table  3-9  (continued) 


Table  3-9  (continued) 


spills  exceed  1000  bbls:  four  caused  by  a dragging  anchor  or  trawling, 
two  caused  by  corrosion,  and  one  apparently  caused  by  a hurricane. 

According  to  the  Geological  Survey  they  have  permitted  and 
approved  a total  of  8,077  miles  of  gas  and  oil  pipeline  in  the  Gulf  of 
Mexico  Outer  Continental  Shelf  since  August  1969?®  Presently,  they 
estimate  that  there  is  approximately  1000  to  1500  miles  of  pipeline 
installed  prior  to  that  date.  Assuming  that  50  percent  of  the  pipelines 
is  for  crude  oil,  it  is  estimated  that  there  are  approximately  5000  miles 
of  underwater  pipeline  transporting  petroleum  products.  During  the  ten- 
year  period,  it  is  estimated  that  the  average  amount  of  underwater  pipe 
transporting  oil  was  2500  miles.  Therefore,  the  spillage  frequen'',y 
is  estimated  to  be 

17  1 -4 

To  ^ 2 500  ■ 6'8xl0  spills/mile-year, 

a value  which  is  of  the  same  order-of-magnitude  as  for  large  diameter 
terrestrial  pipelines. 

During  this  same  period  there  also  were  a larger  number  of  small 
spills;  a total  of  236,  1 to  50  barrel  spills  of  oil  from  pipelines, 
including  pumps  and  all  pipeline  and  auxiliary  equipment  downstream  of 
the  pump  discharge. ^^Of  these,  58  percent  were  spills  from  the  pipeline 
itself  and  most  of  these  spills,  85  percent,  were  only  small  leaks. 

Spills  of  1 to  50  barrels  from  non-pipeline  systems  on  production  platforms 
numbered  574  during  the  same  period. HOf  these  159  were  from  the  sump 
system  and  113  from  the  separator  system.  Both  of  these  systems  are 
similar  in  some  respect  to  the  oily  water  sump  and  separator.and  the  air 
eliminator  systems  that  would  be  a part  of  the  pumping  platform  of  a 
deepwater  port.  Most  of  the  spills  from  the  sump  were  caused  by  poor 
design,  the  failure  of  the  sump  pump  and  the  level  control  switch. 

Principal  failures  of  the  separator  system  included  the  failure  of  the 
high-low  level  control,  the  dump  value  (releases  accumulated  liquid), 
high-low  pressure  sensor,  and  leakage  from  the  separator  vessel  and  lines. 
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The  U.S.  Geological  Survey  also  has  collected  data  on  other 
types  of  accidents  involving  drilling  and  production  platforms  in  the 
Gulf  of  Mexico  Outer  Continental  Shelf. Table  3-10  lists  accidents 
caused  by  damage  to  the  platform  structure  itself.  During  the  12-year 
period  covered,  there  were  three  platforms  destroyed  by  a single 
hurricane,  four  platforms  struck  by  ships  or  barges  and  a structural 
failure  of  the  supports  for  an  oil  storage  tank.  Of  the  four  ship 
or  barge  collisions,  two  resulted  in  spillage  from  the  platform. 

These  and  other  data  used  to  estimate  the  frequency  of  different 
types  of  accidents  to  the  platform  are  presented  in  Appendix  C. 


Table  3-10 
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Table  3-10  (continued) 


Table  3-10  (continued) 
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3.3 


DWP  OIL  TRANSFER  SYSTEM  FAILURE  MODES  AND  SPILL  PROBABILITIES 


The  DWP  Oil  Transfer  System  was  analyzed  to  determine  the  means 
by  which  oil  spills  might  occur  and  with  what  probability.  This  analysis 
consists  of  several  steps,  namely: 

1.  system  definition 

2.  failure  mode  identification 

3.  fault  tree  construction 

4.  failure  rate  data  collection 

5.  fault  tree  evaluation 

These  steps  are  completed  in  basically  the  order  shown,  however,  several 
iterations  are  required  through  Steps  1-4  to  ensure  that  the  faults  which 
have  been  selected  accurately  represent  the  system  being  analyzed  and 
t!'.e  available  data.  For  discussion  purposes,  the  description  of  the  DWP 
system,  its  components,  and  the  operating  procedures  given  in  Section  2.4 
is  adequate,  however,  a much  more  comprehensive  understanding  of  components 
was  necessary  to  identify  potential  causes  of  oil  spills.  Therefore,  a 
Failure  Modes  and  Effects  Analysis  (FMEA)  was  completed  for  all  DWP 
components.  Due  to  the  long  list  of  system  components,  the  FMEA  results 
are  presented  in  Appendix  B.  Component  failure  modes  which  could  result 
in  a violation  of  the  oil  transfer  system  integrity  were  of  principal 
interest  in  the  FMEA,  since  those  were  to  be  included  in  the  fault  trees. 

The  results  of  the  FMEA  indicate  that,  throughout  the  oil 
transfer  system  (OTS),  component  rupture  or  deterioriation  was  a major 
source  of  oil  spill  potential.  In  some  cases  a backup  system  exists  to 
prevent  oil  spilled  from  the  OTS  from  reaching  the  sea,  e.g.,  the  waste 
disposal  system  on  the  pumping  platform.  For  other  parts  of  the  OTS,  the 
most  important,  if  not  the  only,  spill  mitigation  provision  is  human 
supervision.  There  are  many  possible  scenarios  of  human  errors  which 
could  result  in  an  oil  spill,  either  onto  the  platform  or  directly  onto 
the  sea.  A partial  list  of  these  is  shown  in  Table  3-11.  The  details  of 
the  control  system  which  is  the  subject  of  a separate  study,  may  affect 
some  of  these  error  rates. 
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Table  3-11 


HUMAN  ERROR  SCENARIOS 

I.  SHIPBOARD  ERRORS* 

A.  Improper  hose  connection  and  error  missed  by  Cargo 
Manager  and  leak  not  evident  during  startup. 

B.  Ship's  scuppers  not  plugged  and  error  missed  on  checklist. 

C.  Leak  between  ship  and  buoy  not  observed. 

D.  Oil  left  in  hose  following  offloading  and  hose  damaged 
(dropped  or  anti -chafe  blanket  not  used) . 

E.  Signal  to  stop  offloading  received  and  signal  ignored. 

F.  Mooring  launch  run  across  hose  and  damages  it. 

G.  Alignment  of  shipboard  valves 

II.  PLATFORM  ERRORS 

A.  Drain  line  left  open  at  sampler,  strainer,  air  eliminator, 
pump,  meter,  launcher,  or  prover  and  supervisor  fails  to 
detect  the  error. 

B.  Valves  arranged  improperly. 

C.  Leak  from  pipeline  or  equipment  not  observed. 

D.  Maintenance  error  - procedures  not  followed  carefully, 
maintenance  not  completed  at  the  correct  time,  wrong  parts 
used. 

III.  MAIN  CONTROL  ERRORS 

A.  Improper  valve  arrangement  and  not  detected. 

B.  Instrument  warning  or  alarm  ignored. 

C.  Change  in  flow  rate  not  detected. 


Shipboard  operations  not  directly  related  with  oil  transfer  from  ship's 
tanks  to  the  DWP  are  not  included,  e.g.,  ballasting  operations  or 
discharging  bilge.  These,  too,  could  conceivably  result  in  a spill  onto 
water. 
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It  is  apparent  that  a succession  of  failures  must  occur  for  a spill 
to  result  which  means  that  a cautious  and  vigilant  staff  can  greatly 
reduce  the  oil  spill  probability. 

» The  next  step  in  the  safety  analysis  of  the  OTS  is  the 
construction  of  fault  trees.  A fault  tree  is  a logic  diagram  which 
describes  the  ways  in  which  component  failures  and  other  events  can 
result,  either  alone  or  in  combination,  in  the  top  event  of  the  tree. 

This  top  event  is  the  undesired  event  for  which  the  probability  of 
occurrence  is  desired.  In  this  case,  the  top  event  is  "Oil  Spilled  from 
DWP."  The  basic  events  on  the  tree  are  combined  through  Boolean  "AND" 
and  "OR"  gates  and,  when  all  the  failure  probabilities  are  supplied,  the 
probability  of  the  top  event  can  be  calculated. 

Fault  tree  analysis  was  first  used  by  Bell  Laboratories  in 
1960,  and  has  been  used  extensively  by  the  military  and  aerospace 
industries  since  that  time  in  the  prediction  of  missile  and  aircraft 
reliability.  The  methodology  was  recently  used  to  predict  the  probability 
of  accidents  for  nuclear  power  plants,  and  the  results  were  reported  in  the 
Reactor  Safety  Study  (Reference  13).  The  symbols  used  in  fault  tree 
analysis  are  shown  and  explained  in  Figure  3-4. 

The  failure  probabilities  which  appear  on  the  fault  trees 
constructed  during  this  project  were  drawn  from  the  failure  rate  data 
base  presented  in  Appendix  C and  are  summarized  in  Table  3-12.  The  units 
for  the  failure  probabilities  in  the  table  are  per  unit  time  or  per 
demand.  The  annual  spill  frequency  from  the  DWP  is  the  quantity  desired, 
so  the  failure  probabilities  must  be  modified  to  reflect  a year's  service. 
For  events  with  a failure  rate  given  per  unit  time,  the  annual  failure 
frequency  is  the  failure  rate  times  the  length  of  time  the  component  is 
in  service  during  a year.  For  example,  the  probability  of  hose  string 
leak  is  1 x 10”^/hr,  and  the  hose  strings  are  in  operation  12410  hours/yr, 
so  the  annual  frequency  of  hose  leaks  is 


1 X 10~^ 
hr 


12  4 leaks 
yr 
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Table  3-12 


FAILURE  RATE  DATA 


Component  Failure/Event/Activity 

Pump  - fails  to  start 

Level  Switch  - fails  to  operate 

Flange  - leak 

Gasket  - leak 

Weld  - leak 

Valves  - MOV  or  Check  - external 
leak  or  rupture 

Pipe  - leaks,  all  causes 

Pipe  - weld  leaks 

Pipe  - corrosion  failure 

Hose  - leak  from  string 

Hose  - external  damage 

Mooring  - lines  break 

Ship  Expansion  Joint  - leaks 

Fluid  Swivel  - leaks 

Operator  - verify  switch  position 

Operator  - verify  component 
in stalled/ removed 

Operator  - close-hand  valve 

Operator  - complete  procedure 

Ship  Collision  - spill 

Fire  or  Explosion  - spill 

Platform  Supports  - structural 
failure 

Waste  System  - spill 

Pump  - mechanical  seal  leaks 

Underbuoy  Hose  - leaks 


Failure  Rate 

Data  So 

IxlO'^/D 

RSS 

3xlO"^/D 

RSS 

3xl0"^/hr 

RSS 

3xl0"®/hr 

RSS 

3xl0'^/hr 

RSS 

lxlO"®/hr 

RSS 

IxlO'^/ft-yr 

IxlO-^Vft-hr 

OPSO 

3xl0"®/ft-yr 

OPSO 

2xl0"®/ft-yr 

OPSO 

IxlO'^/hr 

OE 

2.2xl0"^/hr 

OE 

4.9xl0"^/hr 

OE 

4.9xlO"Vhr 

OE 

4.9xlO“Vhr 

OE 

2xlO'^/D 

Sandia 

1.2xlO'^/D 

Sandia 

1.7xlO"^/D 

Sandia 

3xlO"^/D 

Sandia 

1.4xl0'^/yr 

USGS 

3xl0"^/yr 

USGS 

9xl0’^/yr 

USGS 

6.0xl0"^/yr 

USGS 

6x10"^  hr 

2/ 

1.2xlO"Vhr 

U 

Table  3-12  (continued) 


Component  Failure/Event/Activity 

Vane  Straightener  - leaks 

Turbine  Flow  Meter  - leaks 

Deck  - hole  not  repaired 

Hose  - Filled  with  oil  between  ships 

Earthquake 


Failure  Rate 

3xl0‘^/hr 

3xl0“^/hr 

lxlO‘^/hr 

0.6 


Data  Source^'^ 


— OE  - Operating  Experience  values  derived  in  Section  3.1. 

RSS  - Reactor  Safety  Study,  Reference  13. 

OPSO  - Office  of  Pipeline  Safety  Operations,  values  derived  in  Section  3.1 
Sandia  - Reference  14. 

USGS  - U.S.  Geological  Survey,  values  derived  in  Appendix  C. 

2/ 

-Calculated  using  the  assumption  stated  in  the  text  of  Appendix  C. 


Other  events  have  a failure  probability  per  demand.  That  is,  each  time 
the  action  is  required  the  probability  of  failure  is  that  shown  in  the 
table.  To  calculate  the  annual  failure  frequency,  the  rate  must  be 
multiplied  by  the  annual  frequency  with  which  the  action  will  be  needed. 
For  example,  the  probability  that  an  electronic  float  switch  will  fail  to 
function  is  3.0  x lO'^/demand.  The  high  level  float  switch  on  each  air 
eliminator  will  be  required  to  function  at  least  twice  during  the  off- 
loading of  each  ship,  and  there  are  776  ships/year.  Therefore,  the  annual 
failure  probability  for  the  float  switches  on  the  air  eliminators  is 

on.,  o TIC  ..u.:.... 


3.0  X 10 
demand 


2 demands 
^ ship  ^ 


776  ships 


= .47/year 


The  event  for  which  this  analysis  was  done  is  "Oil  Spilled  from 
the  DWP."  This  fault  tree  is  shown  in  Figure  3-5.  It  indicates  that  a 
spill  from  the  DWP  can  come  from  any  of  eight  sources:  ship,  hose  strings, 
SPMs,  SPM  pipelines,  pumping  platform,  pipelines,  or  onshore 
facilities.  Both  CALM  and  SALM  designs  were  analyzed  so  spill  frequencies 
for  each  are  given.  The  overall  spill  frequency  per  year  is  16.5  assuming 
CALM  SPMs  are  used  and  14.9  assuming  SALM  buoys  are  used,  (Estimates  of 
spill  sizes  will  be  discussed  in  Section  3.4). 

Causes  of  potential  spills  from  the  OTS  components  on  a ship 
are  presented  in  tree  B1 , Figure  3-6.  According  to  OCIMF  and  Coast  Guard 
regulations,  a drip  pan  must  be  installed  under  the  connection  manifold 
onboard  each  oil  tanker  (See  Section  2.3).  Spills  from  butterfly  valves  on 
the  hose,  the  isolation  valves  on  the  ship  or  gasket  leaks  will  drain 
into  the  drip  pan,  so  it  must  overflow  or  leak  for  a spill  onto  the  deck 
to  occur.  (No  credit  is  given  for  a drain  line  from  the  drip  pan  back 
to  a cargo  tank  since  this  is  usually  a small  line  and  is  not  always 
present.)  The  probability  that  the  drip  pan  will  overflow  is  estimated 
as  the  probability  that  the  tank  is  not  checked  regularly  and  is  full  of 

_3 

water  or  oil,  3 x 10  /demand. 


The  expansion  joints  and  additional  manifold  piping  on  the  ship 
may  not  drain  into  the  drip  pan,  so  any  leak  from  either  spills  onto  the 
deck.  The  ship's  scuppers  are  to  be  plugged  prior  to  connection  of  the 
hoses,  but  potentially  that  task  could  be  overlooked  by  both  the  crewman 
and  supervisor,  A total  of  36  scuppers  was  assumed  for  each  ship  (50* 
apart,  800'  ship  = 32  scuppers).  Additionally,  the  leak  from  a ruptured 
expansion  joint  valve  could  be  very  large  and  overflow  the  coaming  or 
spurt  over  the  vessel  side.  The  probability  of  this  occurrence,  given  a 
rupture,  was  assumed  to  be  0.04,  This  estimate  is  based  on  Figure  3-2, 
in  which  4 percent  of  all  operational  spills  during  offloading  and  loading 
at  a dock  exceed  20  barrels  in  size.  The  maximum  volume  of  oil  spilled 
onto  the  deck  and  retained  by  the  coaming  with  the  scuppers  plugged  was 
estimated  to  be  20  barrels. 

Spills  from  the  hose  strings  are  represented  in  tree  Cl,  Figure 
3-7.  During  offloading  operations,  hose  leaks  can  occur  from  the  gasket 
at  the  buoy  swivel,  from  any  of  the  hose  sections,  or  from  numerous  places 
if  breakout  occurs.  The  individual  hose  sections  could  leak  because  of  a 
nipple-hose  bond  failure,  liner  collapse,  kink,  gasket  leak  between 
sections,  abrasion  of  the  cover,  or  fracture  of  all  hose  layers. 

Sufficient  data  regarding  the  relative  frequencies  of  each  type  of 
failure  do  not  exist,  so  all  failure  modes  are  combined.  Some  visual 
inspection  of  the  hoses  could  identify  potential  failures  due  to  kinks  or 
hose  damage;  however,  others  such  as  gasket  leaks  might  be  difficult  to 
detect.  Leaks  due  to  pressure  surges  are  included  in  the  diamond  "leak 
from  hose  section." 

Spills  can  occur  from  hose  strings  while  no  ship  is  moored  to  the 
buoy  if  the  hose  is  left  full  of  oil  after  the  previous  transfer  took 
place.  Regulations  require  that  the  oil  be  drained  from  the  hoses  if  the 
time  interval  between  transfers  is  expected  to  be  greater  than  seven  days. 
Based  on  a throughput  rate  of  3,4  x 10®  bbl/day,  1.6  x 10®  bbl/ship,  and 
100,000  bbl/hr  offloading  rate,  the  hoses  would  be  left  full  of  oil 
between  ships  100  percent  of  the  time. 


'i  h' 
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Leaks  could  come  from  the  tail  hose  (both  flange  and  butterfly 
valve  must  leak),  from  the  hose-swivel  gasket,  or  from  a damaged  hose 
section. 


Spills  caused  from  CALM  SPMs  are  presented  in  tree  Dl,  Figure  3-8. 
Spills  could  occur  from  any  of  the  principal  OTS  components  of  a CALM  SPM: 
the  overboard  piping,  the  valves,  the  product  distribution  unit,  the 
underbuoy  hoses,  or  the  pipeline  end  manifold  (PLEM).  Failures  caused  by 
motion  of  the  PLEM  on  the  sea  bed  were  included  in  pipe  rupture 
probability  for  the  SPM  pipelines.  The  underbuoy  hoses  are  assumed  to 
be  1.5  times  the  water  depth  (100')  in  length,  and,  it  is  assumed  that 
their  failure  probability  is  proportional  to  that  of  the  floating  hoses, 
even  though  the  causes  of  failure  may  be  different  for  the  two  hoses.  For 
instance,  failures  due  to  chafing  for  the  underbuoy  hoses  occur  more 
often  in  the  first-off-the-PLEM  section.  Floating  hoses  experience 
chafing-caused  failure  principally  in  the  tail  hose.  Similar  detection 
problems  exist  for  gasket  failures  in  underbuoy  hoses  and  floating  hoses 
since  fabrication  and  installation  techniques  are  similar. 

Spill  causes  from  SALM  SPMs  are  presented  in  Figure  3-9  in  a tree 
also  labeled  Dl.  The  design  represented  here  is  for  a shallow  water 
(<150’)  installation  so  no  riser  pipe  is  included.  Also,  a solid  pipe 
connection  between  the  torus  and  PLEM  is  assumed  whereas  flexible  hoses 
may  be  called  for  in  some  cases.  The  fluid  swivel  assembly  is  protected 
from  leaks  by  multiple,  redundant  fluid  seals.  Double,  and  sometimes 
triple,  oil  seals  are  used  to  minimize  the  threat  of  leakage  and  to 
facilitate  inspection.  In  this  analysis,  it  is  assumed  that  the  water 
seal  offers  no  protection  against  outward  leakage  of  oil  from  a double 
oil  seal  assembly. 


Figure  3-9.  Fault  Tree  D1 , "Spill  from  SALM  SPM's 


Tree  El  (Figure  3-10)  contains  the  fault  tree  for  spills  from  the 
six  SPM  pipelines.  Pipe  failures  due  to  corrosion,  weld  defects,  and 
other  causes  are  included  as  well  as  failure  of  the  check  valve  located 
at  the  pumping  platform. 

The  potential  causes  of  spills  from  the  pumping  platform  are 
presented  in  trees  F1-F5,  Figures  3-11  to  3-15.  A spill  from  the  platform 
can  be  caused  by  an  event  which  damages  the  structure  itself,  by  a leak 
in  the  waste  disposal  system,  or  by  the  occurrence  of  a leak  on  the 
platform  and  a failure  of  the  waste  disposal  system.  Structural  damage 
could  be  caused  by  failure  of  the  platform  supports  due  to  corrosion  or 
settling,  by  collision  by  a ship,  by  explosion  or  fire  on  the  platform, 
or  by  earthquake.  For  an  explosion  to  occur  which  could  result  in  a spill 
there  must  be  an  accumulation  of  explosive  materials  and  a failure  of  the 
sensing  devices.  These  failures  do  not  appear  on  the  tree  due  to  lack  of 
sufficiently  detailed  data. 

The  OTS  on  the  pumping  platform  was  divided  into  three  sections  for 
analysis:  the  section  upstream  of  the  pumps  is  shown  on  tree  F2,  the  pump 
section  on  tree  F3,  and  the  section  downstream  of  the  pumps  on  tree  F4. 
Upstream  of  the  pumps,  the  principal  sources  of  leaks  are  the  air 
eliminators,  strainers,  samplers,  flanges,  piping,  and  valves.  These 
lines  contain  oil  at  all  times  except  when  they  are  out  of  service  for 
maintenance  or  repair.  Then,  they  are  drained  to  the  maintenance  oil 
drain  tank.  OTS  integrity  is  lost  if  the  drain  valve  is  not  closed 
following  maintenance.  Semi-annual  maintenance  was  assumed  for  both  the 
air  eliminator  and  sampler  on  each  line.  Monthly  maintenance  was  assumed 
for  each  strainer.  Oil  could  escape  the  air  eliminator  vent  if  the  high 
level  switch  which  closes  the  vent  valve  were  to  fail.  It  was  estimated 
that  the  high  level  switch  would  be  exercised  at  least  twice  for  each  ship 
offloaded,  or  1552  times/year. 

The  pump  section  failures  include  failure  of  pump  housing,  seals, 
valves  piping,  and  control  valves.  The  seals  serve  as  the  boundary  between 
the  oil  and  the  air  in  the  region  of  the  pump  shaft.  The  seals  must  be 
lubricated  at  all  times  and  maintained  regularly.  They  are  usually  equipped 


Figure  3-10.  Fault  Tree  El,  "Spill  from  SPM  Pipelines 


Spill  From 


Figure  3-11.  Fault  Tree  FI,  "Spill  from  Pumping  Platform 


Figure  3-15.  Fault  Tree  F5,  "Spill  from  Waste  Disposal  System 


with  a sensing  system  to  indicate  high  temperature.  Should  the  seals 
fail,  an  automatic  shutdown  system  turns  off  the  pump.  Leaks  from  a 
pump  housing  are  assumed  to  be  as  frequent  as  similar  leaks  from  large 
motor-operated  valves,  a conservative  assumption. 

Downstream  of  the  pumps,  the  flow  meter  runs,  the  meter  prover, 
and  the  launchers  are  potential  sources  of  leaks.  All  of  these  lines  are 
left  full  of  oil  between  usage  except  when  out  of  service  for  maintenance. 
It  is  assumed  that  the  meter  prover  will  be  drained  for  maintenance  once 
per  year  and  each  launcher  will  be  used  (and  drained)  on  a monthly  basis. 

The  waste  disposal  system  failures  which  could  result  in  a spill 
appear  on  tree  F5,  The  waste  disposal  system  is  closed  so  that  oily 
water  is  recycled  until  sufficient  cleaning  has  been  completed  before  the 
water  is  released  to  the  sea  and  oil  returned  to  the  pipeline.  If  the 
transfer  pump  which  recycles  fluid  from  the  sea  sump  fails  to  start,  the 
sea  sump  could  underflow  to  the  sea.  Also,  under  certain  valve  alignment, 
the  maintenance  oil  tank  pump  could  pump  reclaimed  oil  out  of  air 
eliminator  vent.  Rupture  of  either  the  sea  sump  or  the  oily  water  sump 
would  also  result  in  a spill.  It  is  assumed  here  that  all  pumps  in  the 
waste  disposal  system  are  operated  once  per  day. 

Failures  of  the  offshore  and  onshore  pipelines  have  been  combined 
and  are  shown  on  tree  Gl,  Figure  3-16.  Weld  failures  and  failure  of  the 
corrosion  protection  of  the  pipelines  have  been  separated  from  all  others. 
Rupture  and  damage  due  to  external  causes  are  both  included  in  the  "other" 
category. 

The  failures  which  could  cause  a spill  from  the  onshore  facilities 
are  shown  in  Tree  HI,  Figure  3-17.  These  include  failures  at  the  booster 
pump  station  and  at  the  storage  facilities.  Consideration  of  the  storage 
facility  includes  all  plumbing  from  the  incoming  pipelines  to  the  root 
valve  of  each  of  the  20  storage  tanks.  Because  of  the  drain  system,  berms, 
and  collector  pans  at  the  booster  pump  station  and  the  storage  facility, 
an  oil  spill  requires  failure  of  both  the  OTS  integrity  and  the  contain- 

_3 

ment  dikes.  A probability  of  2x10  /D  was  assigned  to  the  failure  of 
a containment  dike.  This  was  based  primarily  on  the  likelihood  that  a 
dike  drain  valve  is  inadvertantly  left  open  by  facility  personnel 
(Appendix  C,  Table  C-6).  For  the  storage  facility  there  are  two  dikes 
and  hence  the  probability  of  containment  failure  is  4xlO"^/D. 
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5 


Spill 


Onshore 


The  events  which  could  cause  oil  to  leak  from  the  OTS  are  shown 
on  Tree  H2,  Figure  3-18.  These  include  leaks  from;  piping,  scraper 
receivers,  meter  runs,  meter  prover,  and  waste  disposal  system. 

To  summarize  the  fault  trees,  the  failures  which  can  result  in  an 
oil  spill  have  been  grouped  according  to  whether  a single  event,  two 
successive  or  coincident  events,  or  three  events  must  occur  to  produce 
a spill.  These  results  are  presented  in  Table  3-13  below.  Spills  which 
result  from  single  failures  occur  from  the  parts  of  the  OTS  which  have  no 
installed  spill  containment  system.  For  those,  any  leak  results  in  a 
spill  of  oil,  although  some  spill  volumes  may  be  very  small.  Detection 
depends  on  observation  and  instrumented  flow  detection  systems.  Doubles 
have  one  line  and  tripes  have  two  lines  of  defense  between  the  leak  source 
and  the  sea,  in  addition  to  the  instruments  and  the  personnel. 

These  results  give  an  indication  of  the  frequency  of  all  spills 
from  a DWP  without  regard  for  the  size  of  the  spill.  The  assessment  of 
the  risk  from  the  spills  also  includes  the  spill  size  which  is  discussed 
in  the  next  section. 


Table  3-13 


FAILURE  EVENTS 


SINGLE  FAILURE  EVENTS 

1.  Leak  from  topside  line  on  a ship  which  spurts  over  the  side 
or  overflows  the  coaming. 

2.  Floating  and  submerged  hose  failures:  gasket  leaks,  liner 
collapse,  etc. 

3.  Ship  collision  with  CALM  buoy. 

4.  Leaks  from  SPM:  swivel  leaks,  hose  leaks,  piping  leaks, 
and  valve  leaks. 

5.  Any  pipeline  for  SPM,  offshore,  or  onshore  pipelines:  cracks, 
wild  failures,  external  damage. 

6.  Events  which  damage  the  structural  integrity  of  the  pumping 
platform  and  the  OTS:  earthquake,  explosion,  collision  by 
ship,  corrosion. 

7.  Rupture  of  the  Sea  Sump  or  Oily  Water  Sump. 

DOUBLE  FAILURE  EVENTS 

1.  Shipboard  events:  spill  through  open  scuppers  or  over 
scuppers  from  leak  in  tank  manifold,  topside  line,  or  expan- 
sion joint. 

2.  Flange  and  butterfly  valve  failure  at  the  tail  hose. 

3.  Swivel  seal  leaks  for  a double  seal  arrangement  on  SPM. 

4.  Leaks  from  the  pumping  platform  waste  disposal  system  and 
holes  in  decking. 

5.  Leak  from  the  booster  pumping  station  and  containment  dike 
(may  not  result  in  a spill  onto  water). 
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Table  3-13  (continued) 


TRIPLE  FAILURE  EVENTS 

1.  Shipboard  events:  leak  from  the  hose-ship  connection  into 
the  drip  pan,  then  through  open  scuppers  or  over  the  barrier. 

2.  Ship  breakout. 

3.  Leak  from  the  pumping  platform  OTS  and  failure  of  the  waste 
disposal  system  (oily  wa^er  pump  overflow  and  skimmer  overflow). 

4.  Leak  at  the  storage  facility  and  failure  of  primary  and 
secondary  containment. 


3.4  OIL  SPILL  RISK 


This  Section  presents  the  risk  of  oil  spills  from  the  deepwater 
port  complex,  described  in  Section  2.4,  and  assuming  design  and  operating 
practices  prevailing  during  the  period  1965-1971.  The  frequency  of  spills 
was  developed  in  the  analysis  presented  in  the  preceding  section.  However, 
potential  environmental  damage  also  depends  on  the  size  of  the  spill. 

Spill  sizes  in  coastal  areas  have  been  categorized  by  the  National 
Contingency  Plan  as: 

• Minor  Spill  - less  than  10,000  gallons  (238  bbls) 

t Medium  Spill  - between  10,000  and  100,000  gallons 

• Major  Spill  - greater  than  100,000  gallons  (2,380  bbls) 

Spills  occurring  via  the  several  mechanisms  depicted  for  the  several 
subsystems  of  the  OTS  in  the  Fault  Trees  B1  through  HI  in  Section  3.3  are 
summarized  in  Table  3-14.  This  listing  also  includes  an  estimate  of  the 
likely  size  of  spill:  minor,  medium,  and  major  as  defined  above.  In 
addition,  the  table  includes  an  estimate  of  the  nominal  largest  spill 
from  the  several  sources.  This  estimate  is  based  in  part  on  assumptions 
as  to  how  the  port  will  operate  (e.g.,  frequency  of  pipeline  inspection, 
accuracy  of  flow  meters,  emergency  shutdown  time,  etc.),  the  calculated 
volumes  of  pipelines  and  spill  size  data  for  offshore  platforms. 

As  a measure  of  relative  risk,  attempting  to  account  for  both  size 
and  frequency.  Table  3-14  also  lists  the  product  of  spill  frequency  and  the 
value  of  the  nominal  largest  spill.  This  value  is  similar  to  the  statistical 
expectation  quantity,  but  is  not,  because  of  the  unavailability  of  an 
actual  spill  size  distribution.  It  should  be  borne  in  mind  that  the  value 
may  have  a large  uncertainty,  perhaps  as  much  as  an  order-of-magnitude. 

On  the  other  hand,  the  product  is  a useful,  relative  measure  for  risk 
since  it  approximates  an  accepted  generalization  that  an  equivalent  volume 
of  smaller  spills,  spread  out  in  time,  is  likely  to  be  just  as  environmentally 
damaging  as  a single  large  spill. 

The  derivation  of  the  values  presented  in  Table  3-14  is  discussed 
in  the  paragraphs  below. 


Damage  to  Platform  5.3  x 10“  Minor,  Medium,  4000 

Major 


Minor,  Medium  1,000  0.03 


The  frequency  of  spills  from  the  components  of  the  OTS  on  the 
tankship  is  developed  on  Fault  Tree  B1  in  Section  3.3.  The  drip  pan 
beneath  the  ship's  manifold  and  the  coaming  (scuppers  plugged)  usually 
will  retain  the  oil  from  most  leaks  from  the  shipboard  components  of 
the  OTS,  especially  during  the  connection  or  disconnection  of  the  hoses. 
However,  it  is  likely  these  devices  would  be  ineffective  to  prevent  a 
spill  onto  the  sea  from  larger  leaks  and  spurts  of  oil  such  as  caused 
by  the  rupture  of  an  expansion  joint.  For  the  nominal  largest  spill, 
the  expansion  joint  or  gasket  in  a line  carrying  50,000  bbl/hr  was 
assumed  to  rupture.  This  would  be  noticed  immediately,  and  a two-minute 
emergency  shutdown  period  was  assumed  to  be  required.  However,  the  design 
of  flanged  connections  and  expansion  joints  are  such  that  only  a portion 
of  the  flow  can  escape;  this  was  assumed  to  be  20  percent  of  the  full 
flow.  Thus 

0.2  X 50,000  X = 333  bbls  spilled. 


Spills  from  the  floating  hoses  can  occur  during  an  offloading 
operation  or  between  ship  calls  if  the  hoses  are  filled  with  oil.  For 
the  latter  case  the  maximum  volume  of  oil  which  could  be  lost  is  the  total 
volume  of  the  hoses,  1460  bbl  (two  24-inch,  1,330-ft  long  hoses).  An 
accident  which  causes  both  hoses  to  be  severed,  such  as  being  cut  by  a 
passing  vessel,  poses  an  oil  spill  risk  of 


2.2  X 10 


-6 


hour' 


— X 40,150  hrs/yr  x * 135  bbl/yr. 


The  spill  frequency  is  given  on  Fault  Tree  Cl,  and  the  hoses  remain 
unused  for  40,150  hours  total  for  6 SPMs.* 


*For  6 SPMs,  there  are  6 x 8760  = 52,600  hours  per  year,  but  with  776 
deliveries  per  year,  and  with  16  hours  offloading  time  for  each,  the 
total  SPM  idle  hours  per  year  are 

52,600  - (776x16)  = 40,150- 
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Small  leaks,  such  as  from  gaskets  or  from  nipple-liner  interfaces 
also  contribute  to  the  risk  of  oil  spills  from  hoses.  It  is  possible  that 
the  hoses  would  be  filled  with  oil  and  uninspected  for  a maximum  of  48 
hours,  so  small  leaks  could  be  undetected  during  that  time.  It  is 
assumed  that  idle  hoses  will  be  kept  under  a small  pressure,  say  15  psig, 
as  now  recommended  by  several  operators  of  SPMs.  Thus  leakage  would 
occur  until  the  pressure  were  relieved.  According  to  the  OCIMF's  Buoy 
Mooring  Forum  Hose  Guide,  hoses  which  elongate  more  than  2 percent  under 
this  internal  pressure  must  be  removed  from  service.  Therefore,  it  is 
assumed  that  the  maximum  amount  of  oil  that  could  leak  from  a hose  string 
in  the  idle  state  is  730  bbls  x 0.02  = 14.6  bbls.  The  probability  of  this 
occurring,  the  product  of  the  frequency  of  a small  leak,  the  number  of 
hours  the  hoses  are  idle,  and  the  percentage  of  time  the  hoses  are  full  of 
oil.  Therefore,  the  frequency  of  a spill  leak  for  6 SPMs  is 

6 X 10~^  ^ 40150  idle  hrs  for  6 SPMs  _ 0.24  spills 
hr  year  " year 

The  oil  spill  risk  is  0.24  x 14.6  = 3.5  bbls/year. 

During  transfer,  the  volume  of  oil  which  could  be  spilled  due  to 
an  accident  is  potentially  greater,  but  vigilant  observation  of  the 
process  would  reduce  the  volume  that  may  be  lost.  A catastrophic  failure 
of  both  hoses  during  transfer,  such  as  caused  by  ship  breakout,  would 
cause  a total  volume  to  be  lost: 

Volume  lost  = Volume  in  hoses  (1460  bbl ) 

+ Volume  pumped  out  prior  to  detection 
(1667  bbls/min  pumping  rate) 

+ Volume  pumped  out  during  shutdown  (1668  bbl) 

The  last  volume  assumes  that  emergency  shutdown  requires  1 minute.  For 
instantaneous  detection,  the  volume  lost  would  be  3128  bbl;  for  a one- 
minute  interval  prior  to  detection,  the  volume  lost  would  be  approximately 
4800  bbl.  Assuming  an  average  detection  interval  of  one  minute*,  the  oil 


*The  maximum  detection  time  for  a large  spill  at  the 
Durban  SPM  was  two  minutes. 
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^ I 


spill  risk  due  to  catastrophic 

0.6  events  4800  bbl 
DWP-yr  ^ event 


hose  failure  during  transfer  is 
= 2880  bbl/yr. 


Hose  component  failures  which  result  in  leaks  from  cracks  or  holes 
also  would  contribute  to  oil  lost  during  transfer.  A hole  of  area  1 in^ 
in  a hose  would  cause 


50,000  bbl 
hr 


1 in 
7rl2  in 


= no  bbl/hr 


to  be  spilled.  A hole  1/8" 
50,000  bbl 


TF 


l/16^in 


T 

12^in^ 


in  diameter  would  cause 
2 

- = 0.43  bbl/hr 


to  be  spilled.  Hoses  are  to  be  inspected  visually  every  30  minutes  during 
transfer*,  but  due  to  adverse  conditions  small  spills  of  this  magnitude 
might  not  be  detected  for  several  30-minute  intervals.  Hence,  a spill  size 
of  25  bbl/event  was  assumed  for  this  type  of  failure.  The  risk  then  is 


12.4  spills  . 25  bbl 
DWP-yr  ^ spill 


= 310  bbl/yr 


Spills  from  the  OTS  components  of  the  mooring  itself  are  leakages 
from  swivel  seals,  piping  and  the  underbuoy  hoses  for  the  CALM.  Most  of 
these  leaks  are  expected  to  produce  only  minor  spills  with  25  bbls  being 
the  nominal  maximum,  assuming  regular  30-minute  inspections  during  oil 
transfer.  However,  a few  large  spills  also  are  expected,  mainly  from  the 
rupture  of  the  underbuoy  hoses  of  the  CALM.  The  nominal  size  of  these 
spills  was  estimated  to  be  5,000  bbls  (see  the  above  discussion  on  hose 
ruptures).  From  the  fault  trees,  the  frequency  of  leaks  is  2.8  and  1.2 
per  year  for  the  CALM  and  the  SALM,  respectively.  For  the  CALM,  leaks  from 
the  underbuoy  hoses  account  for  1.5  spills  per  year,  and  of  these,  10  percent 


★ 

Part  of  the  operating  procedures  indicated  for  LOOP. 
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or  0.15  spills  per  year  were  assumed  to  be  ruptures.  Thus,  the  risk 
values  are 


^‘'^year"'~  ^ bbls/yr 


and 


0.15  large  spills 
year 


X 5,000  bbls  = 750  bbls/yr 


for  the  CALM,  and 


1.2  spills 
year 


X 25  bbls  = 30  bbls/yr 


for  the  SALM. 

Spills  from  the  pipeline  between  the  SPMs  and  the  pumping  platform 
may  occur  both  during  offloading  and  while  the  SPMs  are  idle.  On  the 
average,  the  former  occurs  24  percent  of  the  time,  and  the  latter  76 
percent  (see  footnote  on  page  3-66).  From  Fault  Tree  El,  the  total 

_3 

frequency  of  spills  of  all  types  is  5.3x10  per  year.  The  data  in 

Figure  3-3  suggest  that  approximately  70  percent  of  the  spills  (leaks) 

will  be  minor  or  medium,  whereas  30  percent  will  be  major  (ruptures). 

Thus  the  frequency  of  "leaks"  is  estimated  to  be  0. 7x5. 3xl0"^=3. 7x10”^ 

per  year  and  the  frequency  of  "ruptures"  is  estimated  to  be 
-3  -3 

0.3x5.3x10  =1.6x10  per  year.  Because  of  the  lack  of  surveillance  of 
these  pipelines,  it  is  estimated  that  as  much  as  1,000  bbls  could  be 
leaked  before  being  noticed  and  the  operation  shutdown  (approximately 
the  median  spill  size  from  large  diameter  pipes).  Hence  the  risk  value 
for  leakage  during  offloading  is 

0.24  X 1,000  bbls  x 3.7x10"^  per  year  = 0.89  bbs/yr. 

For  a pipeline  rupture,  it  was  assumed  that  the  volume  of  oil  contained 
in  the  8,000  feet  of  pipeline,  21,000  bbls,  would  be  lost  together  with 
that  pumped  out  during  the  time  required  to  detect  the  leak  and  to  effect 
an  emergency  shutdown,  estimated  to  be  5,000  bbls  (see  page  3-67).  The 
total  is  26,000  bbls  and  the  risk  value  is 

0.24  X 26,000  bbls  x 1.6x10"^  per  year  = 10  bbs/yr. 


During  idle  periods,  leak-type  failures  in  the  pipeline  likely 
would  cause  little  loss  of  oil  because  of  the  lack  of  pressure.  However, 
for  a rupture  type  of  failure,  most  of  the  entire  volume  of  the  pipeline, 
21,000  bbls,  could  be  lost.  Hence  the  risk  value  is 

0. 76. X 21,000  bbls  x 1.6x10"^  per  year  = 26  bbls/yr. 

For  the  pumping  platform.  Fault  Tree  FI,  three  modes  of  spillage 
are  possible: 

1.  A leak  in  the  OTS  and  a failure  of  the  oily  water  waste 
treatment  system; 

2.  A leak  from  the  waste  treatment  system  itself;  and 

3.  Damage  to  the  platform  structure  and  rupture  of  an  OTS  compoent. 

_5 

The  first  mode  has  a frequency  of  7.9x10  spills  per  year,  ana 
based  on  experience  with  offshore  drilling  and  production  platforms,  the 
nominal  maximum  spill  should  be  about  50  bbls.^^  Hence  the  risk  value  is 


5.3x10'^  per  year  x 50  bbls  = 3x10“^  bbls/yr. 


For  the  second  mode,  the  frequency  is  8.8x10'^  spills  per  year  and  from 
the  same  reference  a spill  may  be  as  much  as  50  bbls.  Hence  the  risk  is 

8.8x  10"^  per  year  x 50  bbls  = 4x10'^  bbs/yr. 

For  the  third  mode,  the  frequency  is  3x10  ^ spills  per  year,  being 
caused  primarily  by  ship  collisions  with  the  platform  and  fires  and 
explosions.  These  are  likely  to  be  more  catastrophic  accidents  causing 
larger  spills.  Assuming  the  accident  occurs  during  offloading,  it  is 
estimated  that  as  much  as  3,500  bbls  could  be  lost  during  emergency 
shutdown  and  as  much  as  460  bbls  could  be  lost  from  emptying  of  broken 
pipeline  (150  feet  of  56-inch  00  pipe).  The  total  is  approximately 
4,000  bbls.  Hence  the  risk  value  is 

5.3x10'^  per  year  x 4,000  bbls  = 2.1  bbls/yr. 
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Large  leaks  from  the  pipeline  between  the  pumping  platform  and 
the  onshore  facilities  are  detected  by  instrumentation  and  monthly  checks 
by  aircraft.*  Due  to  the  large  volume  of  oil  in  each  offshore  pipeline 
(4x10^  bbs),  any  leak  which  results  in  the  loss  of  a significant  portion 
of  the  contents  of  the  line  causes  a major  spill.  An  event  such  as  being 
damaged  by  a ship's  anchor  could  cause  a major  break  in  a pipeline. 
However,  unless  such  a break  were  to  occur  close  to  shore,  much  of  the  oil 
could  become  trapped  in  the  "high"  portions  of  the  line  (near  shore  and 
the  risers  on  the  platform).  Hence,  it  is  assumed  that  as  much  as  100,000 
bbls  could  be  lost.** 


"Medium-size"  breaks,  such  as  those  which  might  develop  from  crack 
growth,  are  also  detected  by  instrumentation.  With  a turbine  meter 
accuracy  of  1.0  percent,  1000  bbl/hr  could  go  undetected  by  the  instruments 
on  an  instantaneous  basis  (a  leak  of  1000  bbls  also  is  approximately  the 
median  size  of  spills  from  large  diameter  pipes.  Figure  3-3).  However, 
the  discrepancy  would  be  detected  after  a period  of  time,  about  one  hour, 
via  the  totalizing  of  the  flow  rates.  Proceeding  as  above  for  the  SPM 
pipelines,  the  frequency  of  all  spills  from  the  offshore  pipelines  is 
0.034  per  year  (Fault  Tree  G1 ),  and  it  is  assumed  that  these  resolve  into 
0.024  "leaks"  per  year  and  0.010  "ruptures"  per  year.  Hence  the  spill 


risk  from  "ruptures"  is 

0.010  1 X 10^  bbls 

year  event 


1,000  bbl s/year. 


The  spill  risk  from  "leaks  is 


0.024  1,000  bbls  ^ 24  bbls 

year  event  " year 


This  pipeline  is  43  miles  long,  22  miles  offshore,  underwater,  and  21  miles 
onshore  to  the  storage  terminal. 

Table  3-9  lists  a spill  of  160,000  bbls  caused  by  a dragging  anchor. 


( 

{ 


Detection  of  smaller  leaks  from  pipelines  depends  on  visual 
detection  from  an  aircraft.  This  method  assumes  that  the  leak  rate 
is  sufficient  to  cause  an  oil  spill  which  is  visible  at  the  time  of 
the  overflight,  but  due  to  myriad  of  contributing  factors,  leaks  with 
rates  smaller  than  those  detected  by  instruments  may  go  undetected 
for  extended  periods,  but  with  small  total  volume  spilled. 

The  occurrence  of  spills  and  leaks  from  the  onshore  segment  of 
the  pipeline  are  expected  to  be  similar.  However,  because  of  their 
slightly  shorter  length  than  that  of  the  offshore  pipelines,  21  miles 
versus  22  miles,  the  spill  frequency  and  relative  risk  values  are 
slightly  less. 

From  the  Fault  Tree  HI,  the  expected  frequency  of  spills  from  the 
components  inside  the  booster  pumping  station  and  the  storage  facility 
are  predicted  to  be  0.3  and  0.28  per  year,  respectively.  The  causes 
of  these  spills  would  be  corrosion,  gasket  leaks,  weld  failures, 
etc.,  and  because  of  their  location,  early  detection  is  expected.  However, 
it  is  assumed  that  these  facilities  would  be  well  designed  and  would  operate 
according  to  a well-executed  SPCC  plan,  as  required  by  EPA  regulations 
(40  CFR  112).  According  to  these  regulations,  all  oil-containing  compo- 
nents would  be  diked  or  curbed  with  drainage  into  catchment  basins. 

The  failure  of  these  secondary  containments  is  predicted  to  be  infrequent  I 

and  the  loss  of  oil  to  the  environment  outside  the  facilities  is  predicted 
to  be  only  6x10'^  per  year.  Assuming  an  average  spill  size  of  1000  bbls 
(the  approximate  median  of  spills  exceeding  50  bbls  from  U.S.  pipelines), 
the  relative  risk  value  is 


4.0  GUIDELINES  AND  CRITERIA  FOR  INSPECTION 
PROCEDURE  AND  EVALUATION 

4.1  SELECTION  STRATEGY 

The  ultimate  objective  of  this  study  requires  the 
selection  of  cost-effective  inspection  methods  and  procedures  to  minimize 
polluting  oil  spills.  The  strategy  for  accomplishing  this  involves  four 
steps  of  which  the  preceeding  analysis  in  Sections  3.3  and  3.4  constitute 
the  first.  By  that  analysis, the  risk  of  oil  spills  from  the  several 
components  of  the  Oil  Transfer  System  has  been  established. 

The  second  step  is  a re-examination  of  the  fault  trees  to  deter- 
mine the  chief  causes  and  failure  modes  leading  to  the  spills. 

Table  3-13  also  is  useful  for  this.  This  examination  includes  identifying 
causes  that  can  be  controlled  by  inspection  with  the  objective  of  re- 
ducing risk  by  reducing  the  frequency  of  oil  spills.  An  alternative 
is  to  assess  the  possibility  of  reducing  risk  by  a monitoring 
technique  which  limits  the  quantity  of  oil  spilled  in  a mishap.  An  ex- 
ample of  the  former  is  a pre-transfer  inspection  of  the  hose  strings 
for  leaks  with  a non-polluting  fluid.  An  example  of  the  latter  is  a 
continuous  monitoring  of  the  hoses  during  transfer  to  detect  a leak.  If 
a leak  is  detected,  the  oil  spill  risk  could  be  reduced  by  initiating 
immediate  shutdown  of  the  hose  string  involved.  This  study  deals  only 
with  effective  detection  of  a problem  or  an  incipient  problem,  and  not  with 
the  action  to  be  taken  if  a problem  is  detected. 

Having  identified  the  parts  of  the  oil  transfer  system  most 
vulnerable  to  oil  spills,  the  third  step  consists  of  identifying  candidate 
inspection  methods  and  procedures  for  those  parts.  The  identification 
is  to  consist  of  a thorough  survey  of  methods  and  procedures  together  with 
a culling,  based  on  analysis  of  the  likely  effectiveness  and  judgement 
of  the  likely  cost.  The  survey  will  emphasize  state-of-the-art  techniques, 
but  will  consider  future  techniques  which  seem  to  have  promise  of  being 
implementable  in  the  near  term.  Determination  of  effectiveness  must  be  as 
quantitative  as  possible  and  utilize  all  available  data  pertaining  to 
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reduction  of  mishap  frequency. 

The  fourth  step  deals  with  estimating  the  cost  of  implementing 
the  selected  techniques,  including  capital  cost,  rental,  labor  and  any 
facility  downtime.  Finally,  a comparison  between  cost  and  effectiveness 
of  risk  reduction  is  made  to  determine  the  most  efficient  inspection 
techniques. 

Based  on  the  results  presented  in  Section  3.4  and  Table  3-14, 
the  following  subsection  identifies  the  major  causes  of  oil  spill  risk 
which  are  subject  to  control  via  inspection.  This  accomplishes  step  2. 

The  last  two  subsections  deal  in  more  detail  with  aspects  of  the 
remaining  steps  in  the  selection  of  inspection  techniques. 

4.2  RELATIVE  RISK  CONTRIBUTIONS 

This  section  discusses  the  relative  risks  of  oil  spills  from  the 
Oil  Transfer  System  together  with  the  causes  of  the  spills.  The  purpose 
is  to  establish  priorities  for  inspection  of  components  and  subsystems 
with  respect  to  their  vulnerability  to  oil  spill  risks. 

The  ranking  is  presented  in  Table  4-1  and  is  based  on  the  relative 
risk  values  listed  in  Table  3-14.  The  risk  values  were  divided  into  four 
ranges:  >100,  10-100,  1-10  and  <1  bbl/year.  The  values  within  each 

range  are  judged  to  be  equivalent;  the  uncertainties  in  the  data  and 
estimates  used  to  develop  the  values  do  not  justify  further  resolution. 

Table  4-1  also  lists  the  chief  causes  of  the  oil  spills  as  determined 
from  examination  of  the  fault  trees.  The  following  paragraphs  discuss 
the  spill  risks  and  indicate  the  general  type  of  inspection  procedure  for 
the  OTS  which  seems  to  be  appropriate  for  reducing  risk. 

According  to  the  data  in  Table  4-1  the  greatest  risk  arises  from 
various  failures  of  the  integrity  of  the  hose  strings,  the  platform-to-shore 
pipeline  and  the  onshore  pipelines.  The  reason  for  the  high  risk  from  the 
first  is  a very  high  frequency  (13  per  year)  of  minor  spills  an'^  a somewhat 
lower  frequency  (0.6  per  year)  of  medium  and  major  spills,  both  occurinq 
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Table  4-1.  Ranking  of  Components  of  the  Oil  Transfer 
System  Vulnerable  to  Oil  Spills 
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Table  4-1.  continued 


during  offloading. 

The  former  spills  are  associated  with  various  types  of  leaks 
from  the  hoses  which  have  been  experienced  by  SPM  operators  in  the  past. 

These  include  holes  and  cracks  presumably  associated  with  the  several 

4 

hose  problems  identified  by  the  Southwest  Research  Institute  study 
such  as  nipple-hose  bond  failure,  liner  failure,  etc.  Also  included 
by  implication  are  leaks  through  gaskets  between  the  flanges  of  adjacent 
hose  segments  (acknowledged  as  a source  of  leaks  by  one 
SPM  operator).  The  larger  spills  are  associated  with  catastropic 
failures  of  the  hoses  during  offloading,  caused  in  turn,  by  a failure  of 
the  mooring  system,  especially  the  mooring  hawsers.  As  discussed  in 
Section  3.1,  this  dominance  of  the  hose  string  (and  to  a lesser  extent 
the  mooring  hawsers),  for  oil  spill  risk,  is  generally  consistent  with 
the  experience  of  SPM  operators. 

Because  of  the  high  frequency  of  spills  from  the  hose  strings 
a good  control  strategy  appears  to  be  inspection  techniques  which  will 
indicate  a faulty  condition  before  a leak  or  spill  has  occurred.  This 
approach  already  has  been  adopted,  in  part,  by  OCIMF  and  terminal  operators 
in  their  promulgation  of  standards  for  manufacturing  quality  control,  hose 
handling  techniques  and  operational  procedures.  Besides  the  hoses,  in- 
spection techniques  also  are  needed  to  insure  a much  lower  frequency 
of  failure  for  the  mooring  hawsers. 

For  the  platform-to-shore  and  onshore  pipelines,  very  large  spills 
are  possible  but  the  frequency  (0.016-0.017  per  year)  is  very  much  less  than  for 
hoses.  Because  of  the  lower  spill  frequency  it  may  be  more  appropriate  in  this 
case  to  adopt  means  for  immediate  detection  of  a pipeline  rupture  and 
an  emergency  procedure  to  limit  the  amount  of  oil  which  can  escape  from 
the  broken  line.  During  use  of  the  pipeline,  a rupture  would  be  detected 
rapidly  by  custodial  flow  monitoring  equipment  ashore  and  on  the  pumping 
platform.  However,  detection  means  also  are  needed  when  the  pipeline  is  idle 
but  full  of  oil . 


As  may  be  noted  in  Table  3-9,  a major  cause  of  large 
breaks  in  pipelines  is  "third  party"  activities.  For  onshore  pipelines 
this  usually  is  construction  and  excavation  activities.  For  undersea 
pipelines  the  "third  party"  activity  usually  has  been  a dragging  achor. 

In  the  future,  according  to  recent  OPSO  regulations  (49  CFR  195.248), 
offshore  pipelines  are  to  be  buried  with  a cover  of  30  to  40  inches, 
depending  on  the  location.  With  these  depths  of  cover,  it  is  likely 
that  most  dragging  anchor  accidents  would  be  precluded.  Hence  a 
major  need  for  inspection  is  to  insure  that  the  cover  is  maintained 
continuously  and  has  not  been  erroded  away  by  ocean  currents.  The 
pipelines  also  may  rupture  as  the  result  of  general  deterioration, 
such  as  corrosion  and  the  failure  of  seams  and  joints.  Here  inspection 
to  detect  incipient  failure  is  important. 

This  highest  risk  catagory  also  includes  the  underbuoy  hoses  of  the 
CALM  SPM.  These  hoses  are  subject  to  the  same  types  of  failures  that  are 
prevail  ant  for  the  floating  hoses.  However  the  underbuoy  hoses  generally 
are  damaged  less  frequently  by  external  causes  such  as  the  failure  of  the 
mooring  system  or  collision  with  a vessel. 

The  next  lower  risk  range  (10-100  bbls)  includes  incidents  involving 
the  hoses  and  SPM  pipelines  while  they  are  idle,  leaks  from  the  SPM  units  and  the 
platform-to-shore  pipelines,  and  breaks  in  the  piping  and  connections  on  the 
tankship.  The  first  involves  "third  party"  damage  which  would  result  in  a 
large  breach  in  the  hose  string  or  the  SPM  pipeline.  Neither  accident  is 
predicted  to  occur  very  frequently,  but  a rupture  of  the  hoses  could  result 
in  a medium  spill  whereas  rupture  of  an  SPM  pipeline  could  result  in  a major 
spill.  Inspection  of  the  OTS  is  not  an  appropriate  technique  for  preventing 
such  accidents.  However,  monitoring  some  parameter  such  as  pressure  in 
order  to  detect  automatically  such  breaks  and  to  initiate  some  mitigating 
action  could  be  worthwhile.  Leaks  from  the  SPM  units  are  expected  to 
be  small  but  rather  frequent  (1.2  to  2.7  per  year).  Here  the  best  approach 
likely  is  to  use  techniques  which  alerts  the  operator  to  deteriorating 
items  such  as  seals  and  gaskets  through  which  leaks  may  develop.  Leaks 


from  the  platform-to-shore  and  onshore  pipelines  are  predicted  to  be 
somewhat  less  frequent  (0.022-0.024  per  year)  but  the  volumes  lost  may  be 
substantially  greater.  Here  both  approaches  may  be  valuable:  first, 
the  frequent  use  of  special  pigs  to  check  corrosion,  the  integrity  of 
welds  and  seams,  etc.,  and  thereby  reduce  the  frequency,  and  second, 
more  sensitive  leak  detection  techniques  to  minimize  the  oil  lost  before 
detection.  Passive  acoustic  techniques  may  be  appropriate  for  both 
approaches.  Spills  from  the  tankship  occur  primarily  from  large  leaks, 
such  as  a ruptured  pipe  expansion  joint  which  overlfows  the  coaming. 

The  risk  range  of  1 to  10  bbl s/year  consists  of  leaks  from  the 
hose  strings  while  idle,  rupture  of  the  SPM  pipelines  during  offloading, 
and  damaged  caused  to  the  platform  by  explosions  and  vessel  collisions. 

Hose  leaks  while  idle  are  predicted  to  be  fairly  frequent  (0.15  per  year) 
and  could  be  controlled  by  the  same  inspections  performed  to  reduce  the 
incidence  of  leakage  while  offloading.  Rupture  of  the  SPM  pipelines 
by  both  external  and  internal  (e.g.,  defective  pipe  seam)  factors  are 
predicted  to  be  infrequent  (3.8  x 10  ^ per  year)  but  the  potential  volume 
of  the  spill  is  substantial  - a major  spill  is  possible.  As  for  the 
platform-to-shore  pipelines,  the  best  approach  may  be  to  use  monitoring 
techniques  which  indicate  the  breach  immediately  and  which  initiate 
effective  measures  to  limit  the  loss  of  oil.  Spills  caused  by  fire  and 
vessel  damage  to  the  platform  are  predicted  to  be  infrequent  but  major 
spills  could  result.  Here  inspection  techniques  can  be  used  to  reduce 
the  freqi'ency  of  fires  (e.g.,  sensors  to  detect  the  accumulation  of 
flammable  vapors),  and  to  perhaps  limit  the  loss  of  oil. 

Leaks  from  the  SPM  pipeline  (while  idle),  leaks  and  spills  from 
the  pumping  platform  and  leaks  from  the  on-shore  booster  pumping  station 
and  storage  facility  comprise  the  lowest  risk  range.  Because  of  their  low 
risk,  spills  from  these  sources  do  not  seem  to  merit  special  attention. 
However,  the  reason  for  the  low  risk  are  the  use  of  secondary  containments. 

On  the  pumping  platform,  leaks,  spills  and  large  losses  of  oil  from  the 
OTS  would  be  contained  by  the  curbed  steel  decking,  the  deck  drains  and 
the  oily  water  sump.  Similarly,  leaks  and  spills  from  components  of  the 
onshore  OTS  would  be  contained  by  one  or  more  berm  dikes.  Without  these 
containments  the  risk  of  oil  spills  from  these  sources  would  be  approximately 
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the  same  as  from  the  SPM  units  or  portions  of  the  pipelines.  Thus 
inspection  to  insure  the  maintenance  of  the  integrity  of  these  containments 
is  nearly  as  important  as  those  for  the  OTS  itself. 

Finally  it  should  be  noted  that  the  risk  ranking  presented  in 
Table  4-1  reflects  actual  spill  experience  for  similar  components  and 
facilities.  Spills  from  other  sources  and  via  mechanisms  other  than  those 
mentioned  do  pose  a threat  but  generally  are  not  experienced.  The  reason 
may  be  the  present,  general  use  of  certain  inspection  methods  that  prevent 
these  spills.  For  example,  offshore  structures  and  platforms  could 
collapse  because  of  badly  corroded  supports.  However,  this  has  not  occurred 
because  of  vigilant  inspection  and  maintenance  programs  to  prevent 
corrosion.  Therefore,  to  be  complete,  an  inspection  pgoram  for  U.S. 
deepwater  ports  must  include  these  generally  practiced  inspections. 

4.3  POTENTIAL  FOR  RISK  REDUCTUION  BY  INSPECTION 

The  reduction  of  the  risks  of  oil  spillage  and  pollution  may  be 
accomplished  using  two  general  approaches: 

• Periodic  inspection  to  reduce  the  frequency  of  accidential 
spills; 

• Continuous  or  frequent  inspection  (monitoring)  to  detect  the 
occurrence  of  a leak. 

As  may  be  seen  from  an  examination  of  Table  3-14,  the  risk  of  oil 
spills  from  the  various  subsystems  of  the  OTS  generally  may  be  ascribed  to 
a relatively  high  frequency  (e.g.,  the  floating  base  strings)  or  a potentially 
large-volume  oil  spill  (e.g.,  underwater  pipelines).  Inspections  to  reduce 
the  frequency  of  leaks  and  spills  include  periodic  examination  of  individual 
components  to  check  their  performance  and  condition  for  service.  The 
intention  is  to  detect  conditions  which  will  eventually  lead  to  a leak 
before  the  leak  actually  occurs.  The  examinations  may  consist  of  both  visual 
observation  and  the  performance  of  one  or  more  instrumented  tests.  The 
results  of  the  examinations,  when  compared  with  previously  established  criteria, 
determine  suitability  for  continued  service,  repair  or  replacement.  The 
criteria  generally  are  derived  from  the  manufacturer's  recommendations  and 
the  user's  experience.  Examples  of  such  inspections  are:  the  visual 
examination  of  the  completed,  flanged  connection  between  the  hose  and  ship 
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manifold;  pressurizing  the  hose  and  checking  for  leaks;  routine  maintenance 
of  valves,  pumps  and  strianers  on  the  pumping  platform;  pigging  the  pipelines 
to  check  wall  thickness,  condition  of  welded  joints  and  the  extent  of 
corrosion. 

Continuous  monitoring,  to  detect  the  occurrence  of  leaks  and  initiate 
shutdown  to  limit  the  amount  of  oil  spilled,  includes  visual  and  instru- 
mented observations.  An  example  is  the  comparison  of  the  flows  at  both 
ends  of  a pipeline.  Such  inspections  are  an  important  approach  to  reduce 
the  risk  of  spills  from  "third  party"  damage  (e.g.,  a ship  dragging  its 
anchor  and  damaging  a pipeline).  Also  such  inspections  can  serve  as  a backup 
for  the  inspections  to  reduce  spill  frequency,  described  above. 

An  important  consideration  for  periodic  inspections  is  the  length  of 
time  between  each  inspection.  Practice  makes  this  a trade-off  between  the 
cost  and  resources  required  for  the  inspection  and  the  anticipated  likeli- 
hood of  failure.  Application  of  this  practice  will  not  eliminate  failures 
of  equipment  and  spills  but  will  insure  a low  frequency  of  spills  consistent 
with  the  costs  and  consequences  of  an  oil  spill.  According  to  theory 
(References  3 and  13),  the  likelihood  of  a leak  depends  on  the  probability 
that  one  or  more  components  of  a system  is  in  a failed  state  (e.g.,  a 
collapsed  hose  liner  or  a hole  in  the  pumping  platform  dock) . This  latter 
probability,  in  its  simplest  form,  is  the  product  of  the  failure  rate  and 
the  length  of  time  the  failure  can  remain  undetected.  If  the  system  is 
inspected  periodically,  the  detection  time,  on  the  average,  is  one-half 
the  interval  between  inspections  (References  3 and  13).  Thus  failure 
probability  decreases  in  direct  proportion  to  frequency  of  inspection. 

The  above  theory  applies  primarily  to  random  failures  of  equipment, 
those  which  normally  occur  during  steady-state  operations.  Two  other  types 
of  failures  also  usually  are  distinguished,  wear-in  failures  and  wear-out 
failures  (Reference  3).  The  likelihood  of  occurrence  of  these  failures 
too  may  be  reduced  by  inspection  but  the  relationship  between  inspection 
interval  and  likelihood  is  not  so  clear-cut  as  for  random-type  failures. 

Finally,  with  respect  to  DWP's,  it  should  be  noted  that  the  failure 
rates  for  many  critical  components,  such  as  the  floating  hose  strings, 
are  not  known.  Instead  only  a frequency  of  hose-caused  spills  was 
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determined  (see  Section  3.2).  Hence,  utilization  of  the  above  mentioned 
theory  to  determine  the  effect  of  inspection  frequency  on  the 
occurrence  of  these  types  of  spills  will  be  difficult.  However  it 
appears  feasible  to  estimate  an  upper  and  lower  bound  for  the 
failure  rates  in  these  circumstances. 

The  components  for  which  inspection  (either  periodic  or 
continuous)  can  reduce  the  risk  of  oil  spills  are  listed  in  Table  4-2. 

The  list  is  organized  by  subsystem,  and  the  subsystems  are  ranked 
according  to  the  relative  risk  ranking  in  Table  4-1.  Thus  the  components 
are  in  approximate  priority  for  which  new  (relative  to  techniques 
commonly  in  use  during  the  early  1970's)  inspection  techniques  may 
have  the  greatest  potential  benefit.  Thus  the  platform  structure 
does  not  appear  very  high  on  the  list,  not  because  it  isn't  important 
but  because  existing  inspection  techniques  seem  to  be  adequate.  New 
techniques  to  inspect  platforms  would  not  have  a significant  impact  on 
oil  spill  risk  reduction. 

Additionally,  some  of  the  new  inspection  techniques  most 
likely  will  include  those  introduced  by  industry  since  the  early 
1970's.  In  particular,  industry  presently  regards  the  hoses  (both 
floating  and  submerged)  as  the  critical  system  with  respect  to  vulner- 
ability to  oil  spills.  Since  1972,  through  the  Buoy  Mooring  Forum  of 
the  Oil  Companies  International  Marine  Forum,  a set  of  voluntary 
standards  have  been  promulgated  for 

• construction  and  quality  control  for  hoses, 

• storage  and  handling  of  hoses, 

e inspection  of  hoses. 

Moreover,  significant  progress  has  been  made  in  the  design  and 
section  of  DWP  components  and  systems  via: 

t location  studies  to  determine  the  environmental  conditions; 

• model  tests  to  match  the  best  type  of  system  and  components 
with  the  environmental  conditions; 

• site  tests  to  verify  the  design  and  predicted  behavior  of 
the  selected  system. 
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Table  4-2 

Inspectable  Components  and  Subsystems 


Systems  and  Components 
Hose  Strings 

Hose  Carcass,  Nipple,  Flange,  Flange  Gaseket,  Flange  Bolts, 

Floats,  Butterfly  Valve,  Blind  Flange. 

Under  Sea  Pipeline 
Pipeline,  Cathodic  Protection 

Onshore  Pipeline 

Pipeline,  Pumps,  Checkvalve,  Block  Valves,  Discharge  Valves,  Pressure 
Relief  Valves,  Cathodic  Protection,  Strainer. 

SPM  Unit  - CALM 

Product  Distribution  Unit  and  Seals,  Outboard  Piping,  Outboard  Swivel, 
Valves,  Expansion  Joints,  Under  Buoy  Hose,  Hose  Floats  and  Buoyancy  Tanks, 
Flanges,  Gaskets  and  Bolts,  PLEM  Chamber,  Check  valve.  Isolation  Valve, 
Turntable  Roller  Bearing. 

Anchor  Chains  and  Anchors,  Mooring  Hawsers  and  Chafing  Chains,  Buoy, 

Cathodic  Protection,  Navigational  Aids. 

SPM  Unit-SALM 

Fluid  Swivel  Assembly  and  Seals,  Hose  Arm  and  Seals,  Product  Transfer  Pipe, 
Base  Hose,  Flanges  and  Bolts,  Gaskets,  Check  Valves,  Isolation  Valves, 

PLEM  Chamber,  Buoyancy  Tanks  Bumper  Rail. 

Mooring  Hawsers  and  Chafing  Chains,  Mooring  Braket,  Buoy,  Universal  Joints, 
Anchor  Chain,  Chain  Swivels,  Riser  Shaft,  Base  coupling  and  Universal  Joint, 
Mooring  Base,  Piles,  Scour  Protection,  Cathodic  Protection. 

Tankship 

Expansion  joints.  Spool  Piece,  Gaskets,  Shutoff  Valve,  Drip  Pan,  Plugged 
Scuppers,  Hoisting  Gear  and  Hose  Support. 

Pumping  Platform 

Riser  Pipes,  Manifolds  and  Piping,  Valves,  Check  Valves,  Relief  Valves, 

Air  Eliminator,  Samplers,  Strainers,  Pumps,  Flow  ”eters,  'ieter  Prover, 

Pig  Launchers. 

Deck  and  Curbing,  Deck  Drains,  Platform  Structure 

Reclaimed  Oil  Tank,  Maintenance  Oil  Drain  Tank,  Skimer  Tank,  Oily  Water 
Sump,  Oily  Water  Separator,  Pumps,  Valves,  Piping,  Drain  Lines  Level 
Switches,  Atmosphic  Vents,  Sea  Sump. 

Onshore  Terminal 

Pipelines,  Pig  Receiver  Traps,  Check  Valves,  Valves  Strainer,  Flow 
Meters,  Meter  Prover,  Relief  Valves. 


4-11 


DWP  operators  claim  that  by  implementing  these  design  and 
procedures  standards,  their  problems  have  been  greatly  reduced.  The  down- 
time of  their  terminals  for  unscheduled  repairs  has  been  reduced  by  at 
least  50  percent.  Nevertheless  the  operators  still  admit  to  frequent 
problems  with  hoses.  Even  allowing  their  estimate  of  a 50  percent 
reduction  in  unscheduled  repairs  and  assuming  further  that  these  were  made 
necessary  because  of  leaks,  this  would  suggest  only  a corresponding 
50  percent  reduction  in  the  risk  of  oil  spills  from  hoses.  Applying 
this  reduction  to  the  values  listed  in  Table  3-14  still  leaves  the  risk 
at  a very  high  level  relative  to  the  other  components  of  the  OTS. 

In  spite  of  improvements  made  between  1970  and  1977,  there 
remains  a high  potential  for  oil  spill  risk  reduction  via  thorough  and 
regular  inspections  of  the  OTS,  especially  the  hose  strings,  the  undersea 
pipeline  and  the  SPM  units. 

4.4  OTHER  CONSIDERATIONS 

Besides  risk  reduction,  several  other  factors  must  be  con- 
sidered in  the  selection  of  inspection  methods.  Chief  among  these  is 
cost  --  cost  of  equipment,  labor  and  downtime  of  the  facility.  Inspection 
methods  which  are  obviously  very  expensive  in  any  of  these  areas  may 
be  eliminated  as  candidates,  especially  if  alternative  methods  are 
available.  Inspections  requiring  shutdown  of  the  DWP  for  a sub- 
stantial length  of  time  simply  are  not  practical. 

An  operator  of  DWP  will  implement  a program  of  inspection 
and  maintenance  not  only  to  minimize  oil  spills  but  also  (and  perhaps, 
primarily)  to  insure  continued  efficient  operation  of  the  facility. 
Nevertheless  it  appears  appropriate  to  judge  the  efficiency  of 
inspection  methods  based  on  cost  versus  ability  to  reduce  oil  spills, 
cost-effectiveness.  The  fact  that  the  inspection  method  may  contribute  to 
the  reliability  of  the  operation  of  the  part  should  bear  additional 
consideration. 

In  determining  the  cost  of  an  inspection  method,  several 
options  to  the  DWP  operator  must  be  considered.  At  one  extreme,  the 


operator  might  own  all  required  equipment  and  utilize  his  own  employees. 


At  the  other  extreme,  the  operator  may  rent  all  needed  equipment  or 
contract  with  a firm  to  perform  all  inspections.  In  practice,  various 
combinations  of  employees  versus  contractors,  and  owned  versus  contractor 
or  rental  equipment  would  be  used.  For  example,  frequent  and  routine 
inspection,  e.g.,  visual  checks  of  the  floating  hoses  and  the  SPM,  may 
be  most  economically  performed  by  employees.  On  the  other  hand, 
infrequent  inspections,  which  require  specialized  equipment  and  training 
or  personnel,  e.g.,  underwater  inspection  of  the  SPM  and  pumping  platform 
structure,  likely  would  be  most  economically  performed  by  a contractor. 


The  other  factors  besides  cost  include  the  following: 

9 Alternative  inspection  methods  for  the  same  component  or 
subsystem  should  be  available.  Problems  caused  by 
weather,  sea  states,  frequency  of  ship  calls,  availability 
of  trained  personnel,  etc.,  may  make  some  methods  suitable 
for  one  site  but  not  another; 

t Some  methods  may  be  still  in  an  early  state  of  development 
and  not  fully  field  tested.  This  should  not  preclude  their 
selection  but  assessment  should  be  made  of  the  method's 
likely  effectiveness; 

e Reliability  of  the  method; 

• The  time  and  cost  of  maintaining  inspection  instruments 
and  equipment; 

• The  level  of  training  required  for  personnel  using 
the  method; 

• Support  facilities  required  for  the  method. 
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6.0  GLOSSARY 


1 


CALM  (Catenary  Anchor  Leg  Mooring):  A single  point  mooring  which  is 
anchored  to  the  sea  bed  by  multiple  anchor  chains,  usually  six  in 
number. 

DWP  (Deepwater  Port):  An  offshore  facility  for  mooring  VLCCs  and 
transferring  oil  between  an  onshore  storage  facility  and  the  VLCC. 

DWT  (Deadweight  Tons):  Total  carrying  capacity  of  cargo,  bunkers, 
stores  and  crew;  approximately  equal  to  the  cargo  carrying  capacity  of 
a tankship. 

ELSPM  (Exposed  Location  Single  Point  Mooring):  A SPM  which  is  specially 
designed  to  survive  waves  of  20  meters  and  retain  a moored  tanker  in 
waves  of  6 meters. 

Fluid  Swivel : A component  of  an  SPM  which  permits  rotation  of  the  hose 
strings  about  a fixed  point. 

FMEA:  Failure  Mode  Effects  Analysis 

Hose  String:  The  assemblage  of  individual  sections  of  hose 
(floating  or  submarine)  for  transferring  oil  between  the  tanker 
and  the  SPM. 

LOOP;  A deepwater  port  oil  transfer  terminal  complex  proposed 
for  installation  off  the  coast  of  Louisiana. 

Monobuoy:  The  floating  component  of  a SPM. 

OCIMF  (Oil  Companies  International  Marine  Forum):  An  industry 
organization  for  sharing  data  and  information  concerning  marine 
problems  and  for  setting  standards  for  marine  equipment. 

OPSO:  Office  of  Pipeline  Safety  Operations,  Department  of  Transportation. 

OTS  (Oil  Transfer  System):  The  system  of  a DWP  for  transferring 
oil,  including  the  hose  strings,  the  SPM,  undersea  pipelines,  pumping 
platform,  and  onshore  pipelines  connecting  to  a storage  facility. 

PDU  (Product  Distribution  Unit):  A fluid  swivel  which  can  transfer 
more  than  one  oil  product. 

PL EM  (Pipe  Line  End  Manifold):  The  manifold  on  the  undersea 
pipeline,  which  connects  to  a SPM. 

SALM  (Single  Anchor  Leg  Mooring):  A single  point  mooring  which  is 
anchored  through  a single  anchor  leg  or  chain  made  fast  to  a fixed 
base  located  on  the  ocean  floor. 


\] 


SBS  (Single  Buoy  Storage):  A SPM  containing  a mooring  system 
consisting  of  a rigid  arm  to  which  a floating  storage  vessel  is 
permanently  attached. 


SEADOCK:  A deepwater  port  oil  transfer  terminal  complex  proposed 
for  installation  off  the  coast  of  Texas. 

SPAR:  A large  SPM  which  incorporates  oil  storage  and  production 
facilities. 

SPM  (Single  Point  Mooring):  A generic  term  which  includes  all  floating 
buoy  mooring  systems  which  permit  a ship  to  rotate  freely  around 
them. 

Tail  Hose:  That  segment  of  a hose  string  which  is  connected  to  i 

the  ship's  manifold.  It  normally  is  smaller  in  diameter,  lighter  ! 

and  more  flexible  than  the  remainder  of  the  hose  string.  I 

VLCC  (Very  Large  Crude  Carrier):  A tanker  with  a capacity  of  1 

approximately  180  to  400,000  deadweight  tons.  i 


I 
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Appendix  A 

CHARACTERISTICS  OF  EXISTING  DEEPWATER  PORTS  WORLDWIDE 

Source:  Various 


Country 

Location 

Owner (s)/ 
Operator (s) 

Designer 

Tanker  Size 


Abu  Chab^MiuPhab 
>as  Islox 

BP 

MXOO 


Tanker  Size  300,000  200,000  100,000 

Hose  No.  X 2x24-ln.^  lx24>lh.  2xl0-ln. 

Size  (Inches)  bcl6-lil. 

Year  Installed  1972  1^72  1 9 7 5 


Hmp  Port 
Ices  ^dxnrlty 


120,000  45,000 


Hose  No.  X 2x24-ln.^  bc24-ln.  2xl0-ln.  2scl6-lii  Ilxl6-ln.+ lx20-ln.'+  3xl2-ln.  Iid2-lii. 

Size  (Inches)  lxl6-lii.  bdi-ln.  Ixl2-ln. 


No.  Moorings/ 
Type 


Wind,  % of  Total 
0-1  knot 
1-3  knots 
4-10  knots 
11-21  knots 
22-33  knots 
over  33  knots 

Wave  % of  Total 

0- 1  Ft. 

1- 3  Ft. 
3-8  Ft. 

over  8 Ft. 

Current,  Knots 


3 

3 

7 

7 

33 

33 

35 

35 

16 

16 

6 

6 

9 

9 

49 

49 

2 

2 

CAIM  CAIM 


Tidal  Variation  10.4  FI  10.4  FT  10.4  FT  ^ 

Low  Water  Depth  94  FT  58  FT  97  FT  NA* 
Comments 


12.8  FT  12.8  FT  23.3  FT 
59  FT  113  FT  63  FT 


Arat  anxrates 


**  Infofmatlon  not  AvallUjle 


0.6 

10.4  FT 
NA*  * 

Out  of 
Servic* 


Country  | Borne 

Location  ^ tAm 

Owner  (s)/  Shell 

Operator (s) 

Designer  SHi 

Tanker  Size  ! 250,0 

Hose  No.  X I 2x20- 

Size  (Inches)  | 

Year  Installed  1 1974 


No.  Moorings/ 
Type 


Hind,  • of  Total 

0-1  knot  I 5 
1-3  knots  I 12 
4-10  knots;  54 
11-21  knots  26 
22-33  knots  3 
over  33  knots  q 

Wave  % of  Total 

0- 1  Ft.  17 

1- 3  Ft.  63 
3-8  Ft.  19 

over  8 Ft.  1 

Current,  Knots  0.7 


Low  Water  Depth  NA** 
Conunents 


Brazil 

Brazil 

Brazil 

llranandal 

Tranandal 

San 

Franclscx 

Fetrobras 

Fetrobras 

Fetrobras 

SEM 

sm 

IMODCO 

100,000 

200.000 

200,000 

2xl6-ln. 

1x24- In. 

NA 

1968 

1970 

1974 

CAU1 

CALM 

CALM 

3 

3 

3 

7 

7 

7 

33 

33 

33 

35 

35 

35 

16 

16 

16 

6 

6 

6 

9 

9 

9 

49 

49 

49 

40 

40 

40 

2 

2 

2 

0.7 

0.7 

0.7 

12.8  FT 

12. B FT 

12.8  FT 

NA 

NA 

NA 

1 

**Infon 

nation  Ng 

i 

i 1 

1 1 

t Avall^ 

Cnada  Chile 

t.John,  (^dntero 
.B.  Bay 
Irving 
Oil 


(>LM  CALM 


Turn- 

ted>le 

with 

heated 

dome  fo] 

sub- 

artic 

service 


0.7  NA 


1.3  NA 
5 . 9 FT  NA 

147  FT  154  FT 


Country 

Congo 

Location 

Djeno 

Owner (s)/ 

Elf  Congo 

Operator (s) 

Designer 

SIM 

Tanker  Size 

250,000 

Hose  No.  X 

2x20-in. 

Size  (Inches) 

1 

Year  Installed 

1972 

No.  Moorings/ 

CALM 

Type 

Wind,  % of  Total 

0-1  knot 

2 

1-3  knots 

8 

4-10  knots 

61 

11-21  knots 

23 

22-33  knots 

5 

over  33  knots 

1 

Wave  * of  Total 

0-1  Ft. 

4 

1-3  Ft. 

64 

3-8  Ft. 

29 

over  8 Ft. 

3 

Current,  Knots 

0.8 

Tidal  Variation 

7 FT 

Low  Water  Depth 

73  FT 

Conunents 

•United  Arab 

Emirates 

250,000  70,000  150,000  150,000 


1x6  in.  Ixl2-ln. 


CALM  CALM 


2 32 

49  48 

45  14 

4 6 


Ecuador 

Ecuador 

Egypt 

Porto 

Baleo 

Gulf/ 

Texaco 

Porto 

Baleo 

Gulf/ 

Texaco 

Raa-el- 

Sraqiq 

IC700 

sm 

sm 

sm 

100,000 

100,000 

100,000 

2x20- tn.+ 
1x16 

1x24- in. + 
lx20-ln. 

2xl6-in. 

1971 

1971 

1968 

CALM 

CALM 

CAUl 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

124  FT 

124  FT 

NA 

Country 

Location 

Owner (s)/ 
Operator (s) 

Designer 

Tanker  Size 

Hose  No.  X 
Size  (Inches) 

Year  Installed 


No.  Moorings/ 
Type 


Arab  Pet.  Arab  Pet.  Suoed 


.P.P.CoR.P. 


IMXOO 


120,000  250,000 

2x20-ln.  2x2  4- In. 


Wind,  % of  Total 

0- 1  knot 
1-3  knots 

4-10  knots 
11-^1  knots 
22-33  knots 
over  33  knots 

Wave  % of  Total 

1- 3  Ft! 

3-8  Ft. 

over  8 Ft. 

Current,  Knots  NA  NA  NA 

Tidal  Variation  NA  NA  NA 

Low  Water  Depth  105  FT  105  FT  NA 
Comments 


108  FT  108  FT 


A.P.P.Co 

‘..P.P.Co 

\.P  .P.Co 

sm 

sm 

sm 

120,000 

120,000 

120,000 

2x20 -in. 

2x20-ln. 

^0-ln. 

1976 

1976 

1976 

CALM 

CALM 

CALM 

7 

7 

7 

14 

14 

14 

46 

46 

46 

21 

21 

21 

9 

9 

9 

3 

3 

3 

10 

10 

10 

53 

53 

53 

30 

30 

30 

7 

7 

7 

0.4 

0.4 

0.4 

3 FT 

3 FT 

3 FT 

NA 

NA 

NA 

Country  Egypt 

Location  Suet 

Ovmer(s)/  A.P.P 

Operator (s) 

Designer  SBM 

Tanker  Size  120,0 

Hose  No.  X - „ 

Size  (Inches) 

Year  Installed  1975 


No.  Moorings/ 
Type 


CALM  p/  CALM 


Wind,  % of  Total 
0-1  knot 
1-3  knots 
4-10  knots 
11-21  knots 
22-33  knots 
over  33  knots 

Wave  % of  Total 

0- 1  Ft. 

1- 3  Ft. 
3-8  Ft. 

over  8 Ft. 

Current,  Knots 
Tidal  Variation 


Comments 


France 

Gtabon 

Gabon 

Genoany 

1 Gamba 

Gentll 

Mobil  Oil 

SheU 

Shell 

Vfest  Get' 

Franclase 

Dosn  Navy 

IMCDOO 

sm 

SBl 

IMXOO 

275,000 

100,000 

100,000 

2,000 

2x20-1x1. 

Ijcie-lh. 

1x16- In. 

1x4- In. 

1973 

19i65 

1967 

1962 

CAI« 

CALM 

CALM 

CALM 

7 

2 

2 

2 

14 

8 

8 

6 

46 

61 

61 

35 

21 

23 

23 

35 

9 

5 

5 

16 

3 

1 

1 

6 

10 

4 

4 

5 

53 

64 

64 

54 

30 

29 

29 

32 

7 

3 

3 

9 

0.4 

0.8 

00 

• 

o 

0.5 

3 FT 

7 FT 

7 FT 

7.2  FT 

102  FT 

NA 

NA 

26  FT 

Indones: 


lial  Indcnesla  Indonesia  Indonesia 


Country 

Indcnesla 

Indonesia 

Indonesia 

Location 

Java  Sea 

Java  Sea 

Java  Sea 

Owner (s)/ 

Arco 

IIAPOO 

IIAPOO 

Operator (s) 

Designer 

McDermott 

MDC» 

IMXOO 

Tanker  Size 

45,000 

55,000 

55,000 

Hose  No.  X 

Size  (Inches) 

lx8-ln. 

2xl6-ln, 

2xl2-in.4 
2x20- In. 

Year  Installed 

1971 

1971 

1972 

No.  Moorings/ 

CALM 

CALM 

CALM 

Type 

Wind,  % of  Total 

0-1  knot 

5 

5 

5 

1-3  knots 

12 

12 

12 

4-10  knots 

54 

54 

54 

11-21  knots 

26 

26 

26 

22-33  knots 

3 

3 

3 

over  33  knots 

0 

0 

0 

Wave  % of  Total 

0-1  Ft. 

17 

17 

17 

1-3  Ft. 

63 

63 

63 

3-8  Ft. 

19 

19 

19 

over  8 Ft. 

1 

1 

1 

Current,  Knots 

0.7 

0.7 

0.7 

Tidal  Variation 

15.3  FT 

15.3  FT 

15.3  FT 

Low  Water  Depth 

NA 

120  FT 

130  FT 

Comments 

Java  Sea 

Djatibar- 

Ardjma 

Ardjma 

field 

field 

Arco 

Pertairina 

Atlantic 

Richfield 

Atlantic 

Richfield 

MBCO 

DCDCO 

sm 

sm 

145,000 

150,000 

200,000 

200,000 

2x20-ln.^ 
1*20- In. 

2x20- in. + 
lxl2-in. 

2x20- in. 

2x16- in. 

1972 

L972 

1973 

1973 

Storage 

Vessel 

CALM 

CALM 

Permanent 
mooring 
for  stor- 
age tank- 
er of 
1,000,000 
bbls. 

5 

5 

5 

5 

12 

12 

12 

12 

54 

54 

54 

54 

26 

26 

26 

26 

3 

3 

3 

3 

0 

0 

0 

0 

17 

17 

17 

17 

63 

63 

63 

63 

19 

19 

19 

19 

1 

1 

1 

1 

0.7 

0.7 

0.7 

0.7 

15.3  FT 

15.3  FT 

15.3  FT 

15.3  FT 

135  FT 

75  FT 

138  FT 

139  FT 

1-6 


Bekapal 

field 

Total 


sm 

100,000 

2x8- in. 


1974 


Permanent 

mooring 

for  a 

storage 

tanker 

of 

100,000 

drt:. 

5 

12 

54 

26 

3 

0 


17 

63 

19 

1 

0.7 

15.3  FT 


117  FT 


j 


Country 

Location 

Owner (s)/ 
Operator (s) 

Designer 

Tanker  Size 

Hose  No.  X 
Size  (Inches) 

Year  Installed 


Mo.  Moorings/ 

Type 


S6S 

350, (X» 
bbl  caps' 
city 


Wind,  % of  Total 
0-1  knot 
1-3  knots 
4-10  knots 
11-21  knots 
22-33  knots 
over  33  knots 

Wave  % of  Total 

0- 1  Ft. 

1- 3  Ft. 
3-8  Ft. 

over  8 Ft. 

Current,  Knots 


Low  Water  Depth  180  FT  | NA 
Comments 


Ihdcnesla 

Indonesia 

[ndonesia 

Kallnan- 

Pang  Kal- 

Balik- 

tan 

an  Susu 

pappan 

Union 

’ertaalna 

Union 

Oil 

Oil 

McDenaott 

IMXOO 

sm 

70,000 

100,000 

250,000 

2x20-ln. 

2xl2-ln. 

2x20- ln.+ 

underfauoy 

1x16- in. 

1975 

1970 

1971 

CAU1 

CAU1 

CALM 

5 

12 

5 

5 

54 

12 

12 

26 

54 

54 

3 ' 

26 

26 

0 

3 

3 

0 

0 

17 

63 

17 

17 

19 

63 

63 

1 

19 

19 

1 

1 

0.7 

0.7 

0.7 

15.3  FT 

15.3  FT 

15.3  FT 

NA 

79  FT 

120  FT 

Indonesia 

Iran 

Ardjuna 

Field 

Cyrus 

Atlantic 

field 

Richfield 

IPAC 

3BM 

SBi 

150,000 

130,000 

2x16  in 

2x16- in. 
floating 

1975 

1970 

CALM 

Storage 

Vessel 

Pazaigad 

5 

5 

12 

11 

54 

38 

26 

26 

3 

15 

0 

5 

17 

32 

63 

48 

19 

14 

1 

6 

0.7 

0.6 

15.3  FT 

10.4  FT 

139  FT 

142  FT 

— 

' ' 1 

Israel 

Italy 

Italy 

Italy 

Italy 

Genoa 

Italy 

Ancona 

Italy 

RavenDa 

Ashkelon 

Flmriclno 

Ravenna 

Fluniclno 

Port 

A.P.I. 

Saron 

Eilat- 

Purfina 

Sanaa 

Rofflner- 

Authority 

Ashkelon 

la  dl 

IHpellne 

Roma 

CIDIKIO 

CIDIKIO 

CIDIKIO 

IMXOO 

IM3D00 

Dalsdne 

500,000 

75,000 

100,000 

65,000 

65,000 

75,000 

100,000 

2x20-ln. 

2xl2-ln. 

2xl0-ln. 

lxl6-ln. 

2x20  in  ♦ 
2x12  in 

1 X 12  in 

lxl6  in 

L970 

1962 

1961 

1974 

1972 

197lt 

1973 

CALM 

CALM 

Now  Used 
As  Part 
of  Multi- 
Buoy 

Berth 

Fixed 

Tower 

Fixed 

Mooring 

Tower 

Fixed 

Tower 

CALM 

7 

7 

7 

7 

7 

7 

7 

14 

14 

14 

14 

14 

14 

14 

46 

46 

46 

46 

46 

46 

46 

21 

21 

21 

21 

21 

21 

21 

9 

9 

9 

9 

9 

9 

9 

3 

3 

3 

3 

3 

3 

3 

10  ' 

10 

10 

10 

10 

10 

10 

53 

53 

53 

53 

53 

53 

53 

30 

30 

30 

30 

30 

30 

30 

7 

7 

7 

7 

7 

7 

7 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

3 FT 

3 FT 

3 FT 

3 FT 

3 FT 

3 FT 

3 FT 

NA 

46  FT 

48  FT 

60  FT 

NA 

NA 

80  FT 

Out  of 
Service 

Country 

Location 

Owner (s)/ 
Operator (s) 

Designer 

Tanker  Size 

Hose  No.  X 
Size  (Inches) 

Year  Installed 


Im 

Insn 

Hassan 

SHOP/ 

itGIF 

IMXOO 

150,000 

Ixie-in. 

1970 


No.  Moorings/  CAl/1 

Type  i 


Wind,  • of  Total 
0-1  knot 
1-3  knots 
4-10  knots 
11-21  knots 
22-33  knots 
over  33  knots 

Wave  % of  Total 

0- 1  Ft. 

1- 3  Ft. 

3-8  Ft.  I 

over  8 Ft.  I 

Current,  Knots 
Tidal  Variation 

I 

Low  Water  Depth  1 82  FT 
Comments 


5 

11 

38 

26 

15 

5 


32 

48 

14 

6 


0.6 


A-8 


1 


I 


Country 

Location 

Ovmer  (s)/ 
Operator (s) 

Designer 

Tanker  Size 

Hose  No.  X 
Size  (Inches) 

Year  Installed 


No.  Moorings/ 
Type 


^ow  Used  F 
As  Part  Tower 
Of  Mult  . 

Buoy 

Berth 


Wind,  t of  Total 
0-1  knot 
1-3  knots 
<-10  knots 
11-21  knots 
22-33  knots 
over  33  knots 

Wave  % of  Total 

0- 1  Ft. 

1- 3  Ft.  53  53 

3-8  Ft.  30  30 

over  8 Ft.  ^ ^ 

Current,  Knots  0.4  0.' 

Tidal  Variation  3 FT  3 F' 
Low  Water  Depth  4 8, FT  60  FT 
Comments 

• Out  of 
Service 


Italy 

Ravenna 

SaxoD  Rof£ln-<  She 
irla  di 
Roma 

IMXOO 
75,000 
2xl0-tn 


Italy 

Japan 

Japan 

Japan 

Porto 

Tomes 

Sardoil 

Niigata 

Yokkalchl 

Yokkaichi 

Shell 

Shows 

Shows 

sm  ‘ 

sm 

Yokkaichi 

(Shell) 

Mitsub- 

fokkalchi 

(Shell) 

Mitsub- 

255,000 

65,000 

Ishl 

170,000 

ishi 

230,000 

2x20-ln. 

1x20- li 

2x16- in. 

2xl2-ln. 

1970 

1961 

1964 

1964 

CALM 

CALM 

CALM 

CALM 

7 

5 

1 

5 

5 

14 

10 

10 

10 

46 

48 

48 

48 

21 

33 

33 

33 

9 

3 

3 

3 

3 

1 

1 

. 1 

10 

8 

8 

8 

53 

54 

54 

54 

30 

33 

33 

33 

7 

5 

5 

5 

0.4 

2.0 

2.0 

2.0 

3 FT 

7 FT 

7 FT 

7 FT 

99  FT 

MA 

NA 

NA 

Japan 

Oita 

Kyushu 


117  FT 


John-Nev 
Bruns . 


A-9 


I 

! 


Country 

dapsi 

J«pan 

Japan 

Japan 

Japan 

Japan 

J^>an 

J^>an 

Location 

Oiiha 

Koshlba 

YokkalcW 

Hakozakl 

Kawasdd 

Hakodate 

Toya&B 

Yokohaaa 

Owner ( s ) / 
Operator (s) 

Maruzoi 

Oil 

U.Sjtavy 

Dalkyo 

Oil 

U.S.Navy 

Showa-Mlt 

siiblshl 

on 

Asia  on 

Klhonka 

lAsIs  on 

Designer 

IJCDOO 

Utatblshd 

SCDOO 

Mltsublsh 

. IMSCO 

MTOO  : 

Utsublsh; 

Tanker  Size 

120,000 

100,000 

200,000 

100,000 

264,000 

73,000 

150,000 

200,000 

I Hose  No.  X 

Size  (Inches) 

3id2-ln. 

2xl2-lii. 

2x20-ln. 

2xl6-lnH 

2xl2-in 

2x20-ln. 

1x16- In. 

2x16- In. 

2x20-ln. 

Year  Installed 

1%5 

1967 

1968 

1968 

1968 

1968 

1969 

1969 

No.  Moorings/ 

CA1« 

CAIJ4 

CAIJ4 

CAI24 

Chin 

CAIJ4 

CAm 

CAIJ4 

Type 

Hind,  % of  Total 

0-1  knot 

5 

5 

5 

5 

5 

5 

5 

5 

1-3  knots 

10 

10 

10 

10 

10 

10 

10 

10 

4-10  knots 

48 

48 

48 

48 

48 

48 

48 

48 

11-21  knots 

33 

33 

33 

33 

33 

33 

33 

33 

22-33  knots 

3 

3 

3 

3 

3 

3 

3 

3 

over  33  knots 

1 

1 

1 

1 

1 

1 

1 

1 

Wave  % of  Total 

0-1  Ft. 

8 

8 

8 

8 

8 

8 

8 

8 

1-3  Ft. 

54 

54 

54 

54 

54 

54 

54 

54 

3-8  Ft. 

33 

33 

33 

33 

33 

33 

33 

33 

over  8 Ft. 

5 

5 

5 

5 

5 

5 

5 

5 

Current,  Knots 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

Tidal  Variation 

7 FT 

7 FT 

7 FT 

7 FT 

7 FT 

7 FT 

7 FT 

7 FT 

Low  Hater  Depth 

57  FT 

65  FT 

NA 

60  FT 

NA 

49  FT 

89  FT 

NA 

Comments 


Country 

Location 

Owner (s)/ 
Operator (s) 

Designer 

Tanker  Size 

Hose  No.  X 
Size  (Inches) 

Year  Installed 


No.  Moorings/ 
Type 


Japan  Japan 

Acaiad.  Hlnejl 

Oubu  Idendtau 

Electric  Oil  taltex 

Mltaublah  L IMSOO  IHXOO  IMCCO 


1970  1970 


Wind,  % of  Total 
0-1  knot 
1-3  knots 
4-10  knots 
11-21  knots 
22-33  knots 
over  33  knots 

Wave  % of  Total 

0- 1  Ft. 

1- 3  Ft. 
3-8  Ft. 

over  8 Ft. 

Current,  Knots 
Tidal  Variation 
Low  Water  Depth 
Comments 


2.0 
7 FT 
79  FT 


2.0 
7 FT 


Japan 

(Okinawa) 

Japan 

fTengan 

Ube  , 

|u.S.  Anay 

Selliu 

Oil 

MDCO 

Mltsublsh 

55,000 

200,000 

2xl2-ln. 

2x20-ln. 

1970 

1970 

CALM 

CALM 

5 

5 

10 

10 

<8 

48 

33 

33 

3 

3 

1 

1 

8 

8 

54 

54 

33 

33 

5 

5 

2.0 

2.0 

7 FT 

7 FT 

70  FT 

NA 

mxoo 

1 

75,000  2 

?.-ln.+  2xl6-liH 
-ln.+  ixl2-lii. 


7 ft  31  FT  I 31  FT 


65  FT  l88  FT 


Country 

Location 

Owner  (s)/ 
Operator (s) 

Designer 

Tanker  Size 

Hose  No.  X 
Size  (Inches) 

Year  Installed 


No.  Moorings/ 
Type 


Honan  U.S. 

Kefinlng 

Caltex 

NA 

1(X),(X)0  I NA 


2xl6-ln.  NA 
1968  1974 

CAU1  CALM 


ind,  % of  Total 
' 0-1  )cnot 

1-3  knots 
4-10  knots 
11-21  knots 
22-33  knots 
over  33  knots  2 

Wave  % of  Total 

0- 1  Ft.  11 

1- 3  Ft.  61 

3-8  Ft.  22 

over  8 Ft.  6 

Current,  Knots  0,8 

Tidal  Variation  31 

Low  Water  Depth  H2  FT 

Comments 


Kuwait 

Kuwait 

Ras  A1 

Ras  A1 

Khafjl 

Khafji 

1 Arabian 

Arabian 

OU 

M.1 

150,000 

250,000 

lxl6-ln.4 

lx24-inH 

bd2-ln. 

IxlO-ln. 

1967 

1972 

CAUl 

CALM 

D 

( 

L 

5 

J 

5 

11 

11 

38 

38 

26 

26 

15 

15 

5 

5 

32 

32 

48 

48 

14 

14 

6 

6 

0.6 

0.6 

10.4  FT 

10.4  FT 

NA 

NA 

ndezwat 

oading 

arm 


■Oasis  OillOcciden 


100,000  100,000 

3xl6-tn.  Ix24-ln. 


0.4 

3 FT 
NA 


Out  of 
Service 


0.4 

3 FT 


117  FT  140  FT 


Country  Libya 

Location  Zuetlna 

Owner  ( s ) / Occiden- 

Operator(s)  tal 

Desig ner 

Tanker  Size  150,000 

Hose  No.  X I lx24-ln. 

Size  (Inches) 

Year  Installed  1968 


No.  Moorings/ 
Type 


Wind,  % of  Total 

0-1  knot  7 

1-3  knots  14 

4-10  knots  46 

11-21  knots  21 

22-33  knots  9 

over  33  knots  3 

Wave  % of  Total 

0- 1  Ft.  10 

1- 3  Ft.  53 

3-8  Ft.  30 

over  8 Ft. 

Current,  Knots  0.4 

Tidal  Variation  3 FT 


0.4 

3 FT 


Low  Water  Depth  107  FT  110  FT 
Comments 


’ i 

Libya 

Libya 

Libya 

Libya 

Libya 

Es  Sider 

Ras  Lanuf 

Azzawiya 

Azzawiya 

Azzawiya 

Oasis 

Mobil 

Libyan 

Libyan 

Libyan 

Oil 

Nat  .Oil 
Co. 

Nat.  Oil 
Co. 

Nat.  Oil 
Co. 

sm 

sm 

Woodfield 

ifoodfield 

sm 

255.000 

300.000 

100,000 

30,000 

140,000 

2x20-1x1. 

2x24- In. 

2xl6-ln. 

1x8- In. + 
1x10- In. 

2x20- in. 

1969 

1969 

1974 

1574 

1977 

CALM 

CALM 

CALM 

CALM 

SAIM 

7 

7 

7 

7 

7 

14 

14 

14 

14 

14 

46 

46 

46 

46 

46 

21 

21 

21 

21 

21 

9 

9 

9 

9 

9 

3 

3 

3 

3 

3 

10 

10 

10 

10 

10 

53 

53 

53 

53 

53 

30 

30 

30 

30 

30 

7 

7 

7 

7 

7 

0.4 

0.4 

0.4 

0.4 

0.4 

3 FT 

3 FT 

3 FT 

3 FT 

3 FT 

NA 

96  FT 

NA 

Out  of 
Service 

NA 

Out  of 
Service 

98  FT 

Country 

Location 

Owner (s)/ 
Operator (s) 

Designer 

Tanker  Size 

Hose  No.  X 
Size  (Inches) 

Year  Installed 


No.  Moorings/ 
Type 


Wind,  % of  Total 
0-1  knot 
1-3  knots 
4-10  knots 
11-21  knots 
22-33  knots 
over  33  knots 

Wave  % of  Total 

0- 1  Ft. 

1- 3  Ft. 
3-8  Ft. 

over  8 Ft. 

Current,  Knots 
Tidal  Variation 
Low  Water  Depth 
Comments 


Malaysia 

Malaysia 

Malaysia 

Malaysia 

Malaysia 

Mexico 

Tembongo 

Field 

Mlri 

(Sarawak) 

Port 

Dickscn 

Mirl 

South 

China 

Sea 

T\ixpan 

Exxon 

Shell 

Shell/Esst 

> Shell 

i\ilal  fiel 
Exxon 

1 Pemex 

SOFEC 

SHi 

sm 

sm 

. HCDOO 

9't,000 

45,000 

90,000 

65,000  ' 

190,000 

60,000 

ixlO  in 

2xB-ln.+ 

lx6-in. 

2x16- In. 

2xl2-ln. 

lxl2-ln. 

2xl6-ln. 

1974 

1959 

1963 

1964 

1975 

1973 

SALM 

2/  CALM 

CALM 

2/  CALM 

SAIM 

CALM 

5 

5 

5 

5 

5 

4 

12 

12 

12 

12 

12 

8 

54 

54 

54 

54 

54 

47 

26 

26 

26 

26 

26 

30 

3 

3 

3 

3 

3 

10 

0 

0 

0 1 

0 

0 

1 

1 

17 

1 17 

17 

17 

17 

6 

63 

63 

63  1 

63 

63 

58 

19 

19 

19 

19 

19 

34 

1 

1 

1 

1 

2 

0.7  ! 

1 

0.7 

1 

0.7 

0.7 

0.7 

1.5 

15.3  FT  i 

I 

15.3  FT 

15.3  FT 

15.3  FT 

15.3  FT 

2.1  FT 

296  FT 

1 

1 

1 

i 

1 

NA 

1 

NA 

NA 

245  FT 

67  FT 

bclO-ln. 


Country 

Location 

Owner  (s)/ 
Operator (s) 

Designer 

Tanker  Size 

Hose  No.  X 
Size  (Inches) 

Year  Installed 


No.  Moorings/ 
Type 


Wind,  % of  Total 
0-1  knot 
1-3  knots 
4-10  knots 
11-21  knots 
22-33  knots 
over  33  knots 

Wave  % of  Total 

0- 1  Ft. 

1- 3  Ft. 
3-8  Ft. 

over  8 Ft. 

Current,  Knots 
Tidal  Variation 


Conunents 


Meodco 

Mexico 

Morocco 

Hew 

Hew 

Hlgeria 

Higerla 

Zealand 

Zealand 

Salina 

Rosarito 

Mohanne- 

Waiplpi 

Tahazoa 

Apapa 

Es  craves 

Cruz 

Beach 

dia 

RAPC 

Marcena 

rc  Steel 

Nidogas 

Gulf 

Pemex 

Pemex 

BCDOO 

MBCO 

IMQDOO 

IMXOO 

DCDOO 

IICDCO 

MBOO 

60,000 

60,000 

100,000 

75,000 

70,000 

4,000 

100,000 

3xl6-ln.^ 

lxl6-ln. 

lx20-ln.i 

2xl2-ln. 

bd2-ln.. 

1x4- In. 

3xl6-ln. 

Ixl2-lii. 

1x20- in. 

2x8-in. 

(LP-gas)+ 

1975 

1975 

1970 

1971 

1972 

1967 

1968 

CALM 

CALM 

CALM 

CALM  ' 

CALM 

CALM 

CALM 

4 

4 

NA 

1 

1 

2 

2 

8 

8 

2 

2 

8 

8 

41 

47 

22 

22 

61 

61 

30 

30 

45 

45 

23 

23 

10 

10 

23 

23 

5 

5 

1 

1 

7 

7 

1 

1 

6 

58 

6 

58 

34 

2 

N,‘. 

5 

46 

5 

46 

4 

64 

4 

64 

34 

2 

41 

8 

41 

8 

29 

3 

29 

3 

1.5 

1.5 

NA 

0.6 

0.6 

0.8 

0.8 

2.1  FT 

NA 

2.8  FT 

2.8  FT 

7 FT 

7 FT 

2.1  FT 

75  FT 

1 

77  FT 

72  FT 

64  FT 

74  FT 

13  FT 

70  FT 

[ron  Ore 

Bulk  Ore 

LPG  Gas 

Jlurry 

Slurry 

Facility 

•■acility 

Transfei 

Shell-BP 


Country 

Nigeria 

Nigeria 

Nigeria 

Nigeria 

Location 

Forcados 

Escravos 

Brass 

River 

Bonny 

Owner (s)/ 
Operator (s) 

Shell 

Gulf 

AGIP 

ShellB.P. 

Designer 

SEK 

IMXOO 

SEN 

Tanker  Size 

375,000 

326,000 

250,000 

375,000 

Hose  No.  X 

Size  (Inches) 

2x24- in. 

2x24- In. 

1x20- In. 

2x24- In. 

Year  Installed 

1971 

1970 

1972 

1971 

No.  Moorings/ 
Type 

Wind,  % of  Total 

CALM 

CAI/l 

CALM 

CALM 

0-1  knot 

2 

2 

2 

2 

1-3  knots 

8 

8 

8 

8 

4-10  knots 

61 

61 

61 

61 

11-21  knots 

23 

23 

23 

23 

22-33  knots 

5 

5 

5 

5 

over  33  knots 

Wave  % of  Total 

1 

1 

1 

1 

0-1  Ft. 

4 

4 

4 

4 

1-3  Ft. 

64 

64 

64 

64 

3-8  Ft. 

29 

29 

29 

29 

over  8 Ft. 

3 

3 

3 

3 

Current,  Knots 

0.8 

0.8 

0.8 

0.8 

Tidal  Variation 

7 FT 

7 FT 

7 FT 

7 FT 

Low  Water  Depth 

Comments 

NA 

103  FT 

96  FT 

NA 

Nigeria  Nigeria 


>i  fielApoi  field  Zone 


50,000  : 250.000 

lx20-lii.  2x20- In. H 
lxl2-ln. 

1974  1974 


Sm  Peim.  CALM 
Stor. 

Tanker  oi 

50,000 

dwt. 


7 FT  7 FT 
87  FT  87  FT 


Country 

Location 

Owner (s)/ 
Operator (s) 

Designer 

Tanker  Size 

Hose  No.  X 
Size  (Inches) 

Year  Installed 


Nigeria  Nigeria  INoiwc^  Norway  Cknan 


Forcados  Qua 
Iboe 

Shell-EP  Mobil 


Jtorth  [North  Mina  A1 

Sea)  Sea)  Fahal 

Phillips  Phillips  Shell  Ishell 


el  Salh  el  Mina  A1 
Mallh  Fahal 


I SEM  Mxoo  sm  sm  sm  sm  sm  sm 

240,000  255,000  150,000  60,000  165,000  165,000  165,000  500,000 

bc20-ln.  2x24-in.  Ix6-in.  l3c6-ln.  2x20-ln.  2xl6-ln.H  2xl6-in.+ 2x20-ln.4 

+2ic8-ln.  2x8-ln.  2x8-ln.  bd2-in. 


No.  Moorings/ 
Type 


CALM  CALM 


CALM  2/  CALM  CALM 


Wind,  % of  Total 
0-1  knot 
1-3  knots 
4-10  knots  6 

11-21  knots  2 

22-33  knots 
over  33  knots 

Wave  % of  Total 

0- 1  Ft. 

1- 3  Ft.  6 

3-8  Ft.  2 

over  8 Ft. 

Current,  Knots 
Tidal  Variation 
Low  Water  Depth  NA 
Comments 


0. 

7 FT/ 


7.2  FT  7.2  FT  10.4  FT  10.4  FT  10.4  FT  10.4  FT 


90  FT  232  FT 


Country 

Location 

Owner (s)/ 
Operator (s) 

Designer 

Tanker  Size 

Hose  No.  X 
Size  (Inches) 

Year  Installed 


Doxx)  sm 


1 1x10- in. 
1967 


No.  Moorings/  CALM 
Type 


Qatar 

Qatar 

Halul 

Itan  Said 

Shell 

()atar 

PetroleuB 

fcPenaott 

MBOO 

300,000 

300,000 

2x24- In. - 

2x24-in. 

1972 

1972 

CALM 

CAU! 

Arabia 

Zuluf 

Araoco 


Arabia 

Ju'Aymah 

Aramco 


108,000  200.000  300,000  300.000  250,000  250,000  bo.OOO  I 500,000 


1x16- In. 
1970 


BBS  ChlM 

250,000 

DWT 


lxl2-in. 


Wind,  • of  Total 
0-1  knot 
1-3  knots 
4-10  knots 
11-21  knots 
22-33  knots 
over  33  knots 

Wave  % of  Total 

0- 1  Ft. 

1- 3  Ft. 

3-8  Ft. 

over  8 Ft. 

Current , Knots  NA 

Tidal  Variation  NA 

Low  Water  Depth 
Comments 

In  use 
through 
Mld-197fi 


0.6  0.7  0.6  0.6 

0.4  FT  lO*'*  15.3  FT  10.4  FT  10.4  FTH0.4  FT 


116  FT  129  FT  1 110  FT 


In  use  In  use 
through  through 
mid-197a  mid-19‘ 


Country 

I Saudi 
Arabia 

Saudi 

Arabia 

Saudi 

Arabia 

Saudi 

Arabia 

Location 

Ju'Aynah 

Ju'Aynah 

Ju'ayinab 

Ju'ajniah 

Owner (s)/ 

, Artnco 

Araoco 

Operator (s) 

[ 

ARAMCO 

ARAMCO 

Designer 

McDexnott 

McDemott 

SOFEC 

SOFEC 

Tanker  Size 

500,000 

500,000 

750,000 

500,000 

Hose  No.  X 

Size  (Inches) 

r 2x24-lri- 
lxl2-ln. 

2x24- in. + 
lxl2-ln. 

2x21  in 

2x2U  In 

1x12  in 

1x12  in 

jyear  Installed 

1974 

1974 

1976 

1976 

No.  Moorings/ 

CALM 

CALM 

SALM 

SALM 

Type 

Wind,  % of  Total 

0-1  knot 
1-3  knots 

5 

11 

5 

11 

5 

11 

5 

11 

38 

26 

15 

C 

4-10  knots 

38 

38 

38 

11-21  knots 

26 

26 

26 

22-33  knots 

15 

15 

15 

over  33  knots 

5 

5 

5 

3 

Wave  % of  Total 

32 

32 

0-1  Ft. 

32 

32 

1-3  Ft. 

48 

48  j 

48 

48 

3-8  Ft. 

14 

14  1 

14 

14 

over  8 Ft. 

6 

6 1 

6 

6 

Current,  Knots 

0.6 

0.6 

0.6 

0.6 

Tidal  Variation 

10.4  FT 

10.4  FT 

lO.4  FT 

10.4  FT 

Low  Water  Depth 

110  FT 

110  FT 

129  FT 

117  FT 

Comments 

1 

1 

Slngapor 


Soutfi 

AMca 


WXOO  iMcDeiiDotn  S»! 


2x24-ii».  2x24-ln.  2x24-ln. 


SAIW  CALM  CALM 


Replacac 
in  1975 


A-19 


Country 

Location 

Owner (s)/ 
Operator (s) 

Designer 

Tanker  Size 

Hose  No.  X 
Size  (Inches) 

Year  Installed 


No.  Moorings/ 
Type 


pipaln 


Wind,  * of  Total 
0-1  knot 
1-3  knots 
4-10  knots 
11-21  knots 
22-33  knots, 
over  33  knots 

Wave  % of  Total 

0- 1  Ft. 

1- 3  Ft. 
3-8  Ft.  I 

over  8 Ft.  i 

Current,  Knots 
Tidal  Variation 
Low  Water  Depth 
Comments 


geclras  lAlgeciras 

«y 


S.  Ka'fylCEPSA 


Jx8  in  2x20  In  2x2U  in  + 

1x12  in  1x12  in 

1969  . 


lyUichor 

Legs 


0.4 

3 FT 


0.4 

3 FT 


Out  of 
Servic 


^>aln 

%>ain 

Spain 

Aielvs 

A^XMCa 

Tarragcnf 

Gulf 

Shell 

Ehtasa 

sm 

sm 

SEM 

100, (XW 

60,000 

325.000 

2x16- in. 

2xl0-ln. 

lx20-in.  1 

1967 

1971 

1973 

CALM 

BBS 

60,000 

DWT 

CALM 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

131  FT 

2x8- In 
1963 


0.7 
1.5  FT 


-2i 


TalvaC 

Chu-Wel 

Chinese 
Pet  Corp 

IMODCO 

250,000 

2x20  In 


Conunents 


>ut  of 
!«rvice 


Out  of  Out  of 
Service  Service 


Out  of 
Servici 


Country 

XaiNsi 

Tanzania 

Trinidad 

Trinidad 

Trinidad 

linisia 

Tunisia 

Location 

Ou  Nei 

Dar  Es 

Galeota 

Polnt-a- 

(^eora 

Oulf  of 

Ashtart 

Point 

Pierre 

Point 

(Sabes 

Owner (s)/ 

Odnese 

E.A.  Port 

Aotoco 

Texaco 

Anoco 

Acquitaln 

AcqultainE 

Operator (s) 

Pet. 

Auiii. 

Trinidad 

Oil 

Qiataine 

Designer 

S9( 

SBt 

SBi 

IMXOO 

imxx) 

SBi  Singl< 

sm 

Tanker  Size 

250,000 

100,000 

250,000 

265,000 

b< 

250,0008' 

py  storagt 
stem  cap. 

100,000 

524,000 

Hose  No.  X 

2x20-ln. 

2x20-ln. 

2x20- in. 

2x24- ird 

2x20- in.- 

2x^in. 

Size  (Inches) 

lxl2-ln. 

lx20-in. 

Year  Installed 

1975 

1971 

1971 

1973 

1976 

1972 

floating 

1 

1974 

No.  Moorings/ 

C&Ul 

CAIM 

CALM 

CALM 

CALM 

SBS 

CALM 

Type 

524,000 

bbl. 

Wind,  % of  Total 

7 

7 

7 

7 

7 

0-1  knot 

2 

NA 

14 

14 

14 

14 

14 

1-3  knots 

4 

46 

46 

46 

46 

46 

4-10  knots 

37 

21 

21 

21 

21 

21 

11-21  knots 

42 

9 

9 

9 

9 

9 

22-33  knots 

13 

3 

3 

3 

3 

3 

over  33  knots 

2 

Wave  % of  Total 

0-1  Ft. 

11 

NA 

10 

10 

10 

10 

10 

1-3  Ft. 

61 

S3 

53 

53 

53 

53 

3-8  Ft. 

22 

30 

30 

30 

30 

30 

over  B Ft. 

6 

7 

7 

7 

7 

7 

Current,  Knots 

0.8 

NA 

0.4 

0.4 

0.4 

0.4 

0.4 

Tidal  Variation 

31  FT 

NA 

3 FT 

3 FT 

3 FT 

3 FT 

3 FT 

Low  Water  Depth 

115  FT 

78  FT 

95  FT 

78  FT 

95  FT 

220  FT 

220  FT 

Comments 

'v 

160  FT 


i-  Waited  United  lunited  United 

Kingdom  |Klngdom  Kingdom  Kingdom  Ungdom  Kingdom 


(B.Sea)  (n.Sea) 

Brent 
Island  Field 

Oceidenta  Jccidenta:  Shell/ 
Esso 

EMH/CFEM  Microperi  Micrcperi  Sbell/SI 

IHC 

80,000  250,000  250,000  90,000 

2il6  in  lx2U  in  ix2lt  In  2x8  in 

1X20  in  lx2o  ij,  2.12  in 


H.Sea)  (H.Sea)  (H.Sea)  (H.Sea)  Hurfse 

Brent  tontrose  Montrose  River 

slana  Field  Field  Field  (w 

ccidenta  Shell/  MiOCO  (unm 


CCCIDCO  > 


p0,000  80,000  210,000 

1x10  in  1x10  in  ljc24-lll. 


Tidal  Variation  B 10.4  FT  7.2  FT  7.2  FT  7.2  FT  7.2  FT  7.2  FT  7.2  FT  HA 

I Low  Water  Depth  Bl32  FT  392  FT  100  FT  100  FT  425  FT  300  FT  300  FT 


Country 

Uhl ted 

Ikilted 

United 

United' 

United 

United 

United 

Uruguay 

Klngdcm 

Kingdom 

Klngdon 

Kingdom 

Kingdom 

Kingdom 

States 

Location 

(N.  Sea) 

Anglesey 

(N.Sea)Ar- 

(N.Sea) 

(N.Sea) 

(N.Sea) 

Santa 

Jose 

fleic 

Syll  flelei 

Montrose 

'fcntrose 

Thistle 

Yhez, 

TpruiHn 

Owner (s) / 

field 

field 

field 

Calif. 

Operator (s) 

SheU/ 

Esso 

Shell  UK 

Hamilton 

^aoco 

\ 

Amoco 

Bunnah 

Ebocon 

Ancap 

Designer 

SBVStell 

sm 

sm 

sm 

sm 

sm 

IMXXX) 

sm 

Tanker  Size 

50,000 

540,000 

100,000 

50,000 

50,000 

80,000 

75,000 

150,000 

Hose  No.  X 

2x10- In. 

2x24-'ln. 

ixi6-in. 

1x10- In. 

bclO-ln. 

2x16- In. 

lx20-ln. 

2x20  In. 

Size  (Inches) 

1x16- In. 

xtderbuoy 

Hx24-ln. 

Year  Installed 

1974 

1976 

1974 

1974 

1974 

1975 

1977 

floating 

1975 

No.  Moorings/ 

ELSm 

Flex  plp^ 

CALM 

CALM 

CALM 

CALM 

SAm 

CALM 

Type 

for  ixtder] 

buoy  use 

lieu  of 

hose 

Wind,  % of  Total 

0-1  knot 

2 

2 

2 

2 

2 

2 

NA 

■a 

1-3  knots 

6 

6 

6 

6 

6 

6 

7 

4-10  knots 

35 

35 

35 

35 

35 

35 

11-21  knots 

35 

35 

35 

35. 

35 

35 

is 

22-33  knots 

16 

16 

16 

16  ' 

16 

. 16 

16 

over  33  knots 

6 

6 

6 

6 

6 

6 

6 

Wave  % of  Total 

* 

0-1  Ft. 

5 

5 

5 

5 

5 

5 

NA 

9 

1-3  Ft. 

54 

54 

54 

54 

54 

54 

49 

3-8  Ft. 

32 

32 

32 

32 

32 

32 

40 

over  8 Ft. 

9 

9 

9 

9 

9 

9 

2 

Current,  Knots 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

NA 

0.7 

Tidal  Variation 

7.2  FT 

7.2  FT 

7.2  FT 

7.2  FT 

7.2  FT 

7.2  FT 

NA 

12.8  FT 

Low  Water  Depth 

280  FT 

NA 

246  FT 

NA 

NA 

NA 

105  FT 

NA 

Conunents 

. 

'v 

• 

A-24 


Country 

United 

Kingdom 

Uruguay 

Location 

Owner (s)/ 

(n.Sea) 

Punta 

L'esta 

Operator (s) 

Burmab 

AS  CAP 

Designer 

DBV/SBM 

SBM 

Tanker  Size 

80,000 

150,000 

Hose  No.  X 

2x16  in 

NA 

Size  (Inches) 

Year  Installed 

1976 

NA 

No.  Moorings/ 

SALM 

CALM 

MW3D 


2xl6-ln.  1x20^111]  2xl6-ln. 


wind,  % of  Total 
0-1  knot 
1-3  knots 
4-10  knots 
11-21  knots 
22-33  knots 
over  33  knots 

Wave  % of  Total 

0- 1  Ft. 

1- 3  Ft. 
3-8  Ft. 

over  8 Ft. 

Current,  Knots 


Tidal  Variation  I 7.2  FT  12.8  FT  5 p.j,  7 FT 


Low  Water  Depth  530  FT  64  FT 
Comments 


0.8 
7 FT 


63  FT  I 71  FT  79  FT 


Appendix  B 

FAILURE  MODES  AND  EFFECTS  ANALYSIS 
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Rubber  Lining  Blister  Shortens  service  life 
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Appendix  C 
FAILURE  RATE  DATA 
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This  Appendix  describes  the  failure  rate  data  used  In  estimatina 
the  probability  of  oil  spills  from  a DWP  (Section  3,3).  Reliability  data 
for  most  of  the  elements  of  the  OTS  Is  scarce  and  no  experiential  data 
for  a U.S.  DWP  exists,  so  data  from  other  ports,  other  oil  transfer 
systems,  and.  In  some  cases,  other  Industries  must  be  used  In  order  to 
build  an  adequate  data  base.  Subjective  Information,  such  as  that  derived 
from  discussions  with  port  operators  and  pipeline  designers,  was  used 
along  with  the  reliability  data  to  Incorporate  U.S.  operating  philosophy 
wherever  decisions  were  required.  While  this  data  base  may  not  be 
directly  related  to  DWP  operations  It  Is  believed  to  reflect  the  best 
Information  available  at  this  time. 


The  historical  spill  data  from  DWPs  In  other  countries  has  been 
used  to  estimate  the  frequency  and  causes  of  spills  for  a U.S.  DWP.  These 
data  (discussed  In  Section  3.1)  represent  the  worldwide  experiences  of 
the  late  1960s  and  early  1970s.  Historical  data  Indicates  that  there  are 
0.02  spill  s/ship  call  at  SPMs.  For  all  spills,  80%  are  caused  by  hose 
failures  which  yields  a spill  rate  of  0.016/sh1p  call,  or  1 x 10  /hr*, 
for  hose  strings.  (We  assume  that  this  rate  applies  to  a string  of  two 
1300'  hoses.)  Other  spill  causes  and  the  rates  with  which  they  occur  are** 


-5 

• Swivel  leaks  4.9  x 10  /hr 

-5 

• Expansion  joint  leaks,  tankship  4.9  x 10  /hr 

_c 

• Mooring  lines  break  4.9  x 10  /hr 

• Hoses  damaged  0.0189/yr 

Pipeline  failure  data,  as  reported  by  the  Office  of  Pipeline  Safety 
Operations,  was  used  to  estimate  failure  probabilities  for  the  offshore  and 
SPM  pipelines.  This  data  was  drawn  from  a population  of  terrestrial 


Assumes  a 16-hour  offloading  period  for  each  ship  call. 

Estimated  using  the  data  In  Table  3-5,  the  basic  spill  rate  of  0.02 
spills  per  ship  call,  and  16  hours  offloading  per  ship  call. 
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pipelines  for  sizes  greater  than  12  inches,  and  only  a part  of  it  actually 
represents  large  (>30"  OD)  pipelines.  Using  all  of  the  data  as  represen- 
tative of  large  pipeline  such  as  that  used  in  a DWP  requires  that  we 
assume  that  the  failures  are  not  a strong  function  of  pipeline  size.  Also 
using  mostly  terrestrial  pipeline  data  requires  the  assumption  that  the 
hazards  to  offshore  and  terrestrial  pipelines  are  similar.  Corrosion, 
structural,  fabrication  and  installation  failures  are  similar  for  both 
types.  A common  cause  of  failures  in  terrestrial  pipelines  is  damage 
during  nearby  construction.  This  problem  is  similar  in  nature  to  a pipe- 
line offshore  being  damaged  by  a ship's  anchor,  a trawler,  or  during 
construction  of  another  pipeline.  Moreover,  as  discussed  in  Section  3.2, 
available  data  indicate  that  the  accident  rate  for  the  two  types  of  pipe 
may  be  nearly  the  same.  The  failure  probabilities  derived  from  OPSO  data 
are 

-8 

Failure  due  to  welds  3 x 10"  /ft-yr 

-8 

Failure  due  to  corrosion  2 x 10”  /ft-yr 

Failure  due  to  all  causes  1 x lO'^/ft-yr 

This  compares  conservatively  with  the  pipe  failure  probability  quoted  in 
the  Reactor  Safety  Study  (RSS).  There,  the  value  given  is  3 x 10"®/ ft-yr 
for  pipes  with  diameter  >3". 

The  causes  of  hose  failures  have  been  extensively  studied  by 

Southwest  Research  Institute.  Several  potential  causes  were  identified, 

however,  historical  data  is  not  sufficiently  detailed  to  determine  the 

specific  causes  of  most  of  the  spills.  Consequently,  failures  of  all  the 

components  of  hose  strings  have  been  combined,  except  for  hose  damage. 

Of  all  spills  reported  from  SPMs,  80%  are  attributed  to  hose  string 

failures.  This  yields  a hose  string  failure  rate  of  0.016/ship  call  or 

.3 

1 X 10  /hr  of  usage.  This  number  is  assumed  to  apply  to  a string  of  two 
1300'  hoses.  The  failure  rate  for  each  of  the  two  underbuoy  hoses  of  a 
CALM  is  calculated  by 

2 X 150'  (underbuoy  hose  length)  1.0  x 10  -10-  in“^/hr 

2 x 1300'  (floating  hose  length)  hr  " ^ 
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The  frequency  of  accidents  which  may  cause  sufficient  damage  to 
the  pumping  platform  to  cause  a spill  was  estimated  using  data  compiled  by 
the  U.S.  Geological  Survey  about  production  platforms  in  the  Gulf  of 
Mexico.  These  data  were  discussed  in  Section  3.2.  Reference  1 lists  all 
occurrences  of  fires  or  explosions  and  all  significant  spill  incidents 
according  to  platform,  date,  cause,  volume  of  oil  spilled,  and  consequences 
for  1960-1976.  Prior  to  1972,  only  incidents  which  resulted  in  spills  of 
50  barrels  or  more  were  reported  in  some  categories,  so  a complete  listing 
of  events  is  not  available  for  years  earlier  than  1972.  Nevertheless,  these 
data  are  helpful  in  estimating  the  probabilities  of  events  for  offshore  plat- 
forms. The  implicit  assumption  is  made  that  the  probability  of  fire,  ship 
collision,  and  structural  failure  is  the  same  for  production  platforms  as 
for  a DWP  pumping  platform. 

Table  C-1  lists  the  occurrences  of  fires  or  explosions  which  did 
result  in  an  oil  spill  (all  fires  and  explosions  must  be  reported 
regardless  of  spill  consequences). 


Table  C-1 

PRODUCTION  PLATFORM  FIRES  OR  EXPLOSIONS 
WHICH  RESULTED  IN  AN  OIL  SPILL 


Date 

Event  and  Cause 

Volume  Spilled  (bbl) 

10/15/58 

Explosion,  fire-welding 

Minimal 

2/5/66 

Fire-welding 

Minimal 

7/18/67 

Explosion,  fire-welding 

Minimal 

2/70 

Fire 

30,500 

5/28/70 

Explosion,  fire-welding 

100 

8/23/72 

Fire  - engine 

Minimal 

7/1/74 

Fire 

1 

8/10/75 

Fire  - leak 

20 

the  time  period  1958  - 1976,  there  were 

26,657  platform-years  of 

exposure.  Therefore,  the  probability  of  a fire  which  results  in  a spill 
was  estimated  by 
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Reference  C*1  lists  the  number  of  offshore  structures  existing  for  each 
year  1964-1976.  This  list  was  extrapolated  to  obtain  the  number  of 
structures  for  the  years  1958-1963. 
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8 events 


= 3 X 10’^ 


/platform-year 


Three  incidents  have  been  reported  for  the  years  1964-1976  in  which 
a platform  was  struck  by  a ship  and  a spill  resulted  (greater  than  50  bbl). 
These  are  listed  in  Table  C-2. 


Table  C-2 

SHIP  COLLISIONS  WITH  PLATFORMS  IN 
WHICH  A SPILL  RESULTED 


One  other  event  was  recorded  in  which  a spill  resulted  from  a ship-platform 
collision;  however,  the  oil  leaked  from  the  ship,  not  the  platform.  The 
number  of  platform-years  during  this  period  was  22,157.*  The  probability 
of  a ship  collision  which  results  in  a spill  from  the  platform  is 
estimated  by 


??,15?'\l'a'tfora-yMrs  ' ” lO'^/platform-year 


Two  incidents  have  occurred  in  which  platforms  were  damaged  or 
destroyed  due  to  underwater  structural  failures  during  1964-1976.  The 
probability  of  structural  failure  of  the  platform  is  then 


?2.157'Sfat'fora-years  ’ * W'/platform-year 


During  the  time  interval  1971-1975,  60  instances  were  reported  in 
which  the  waste  disposal  systems  on  platforms  caused  spills.  The  number 
of  platform  years  during  this  period  was  9,960.  This  results  in  a 


Reference  C-1  lists  the  number  of  offshore  structures  existing  for  each 
year  1964-1976.  This  list  was  extrapolated  to  obtain  the  number  of 
structures  of  the  years  1958-1963. 
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probability  of  spill  due  to  waste  system  overflow  or  carry  over  of 


9.960  p1°tfom%rs  lO'^/Plattonn-year 

Failure  rates  for  components  on  the  pumping  platform  were  taken 
from  other  industries.  Many  came  from  the  Reactor  Safety  Study  (RSS) 
which  reported  failure  rates  for  components  found  in  nuclear  power  plants. 
This  data  was  collected  from  many  sources,  including  the  Defense  Depart- 
ment, general  industrial  sources,  and  nuclear  power  plant  operating  data. 
Use  of  these  data  for  DWP  components  implies  that  similar  maintenance 
and  operating  policies  apply  to  both  nuclear  and  DWP  facilities.  The 
failure  rates  used  are  listed  in  Table  C-3.  The  units  shown  in  the  table 
are  either  (unit  time)”^  or  (demand)"^.  The  demand  probabilities 
incorporate  failure  at  demand,  failure  before  demand,  or  failure  to 
continue  operation  for  a time  sufficient  to  realize  the  required  response. 

Human  reliability  estimates  were  selected  from  the  RSS  and  from 
research  reports  of  Swain,  Sandia  Corporation  (Reference  C-2).  The 
Sandia  approach  is  to  model  the  human  activity  for  which  estimates  are 
desired  as  a composite  of  several  basic  tasks  for  which  laboratory 
reliability  estimates  have  been  established.  The  combination  of  the 
basic  task  reliability  estimates  is  the  reliability  estimate  desired. 

The  estimates  obtained  from  this  approach  for  tasks  similar  to  those 
that  will  be  performed  on  the  pumping  platform  were  reported  in 
Reference  C-3  and  are  shown  in  Table  C-4. 

Human  failure  rates  for  certain  tasks  were  reported  in  the  RSS. 
These  were  obtained  by  independent  assessment  of  failure  rates  by  two 
experts  in  human  reliability  analysis.  The  rates  used  in  the  RSS  are 
presented  in  Table  C-5.  The  impact  of  several  performance  shaping  factors 
was  considered  in  this  study.  These  factors  were: 

1.  Level  of  presumed  psychological  stress. 

2.  Quality  of  human  engineering  of  controls  and  displays. 

3.  Quality  of  training  and  practice. 

4.  Presence  and  quality  of  written  instructions  a method  of  use. 
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Table  C-3 

COMPONENT  FAILURE  RATES 


Component 

Pump-fails  to  start 

Pump-mechnical  seal 
leaks 

Gaskets-leak 

Flanges-leak 

Welds-leak 

Valves-MOV  or  check 
external  leak  or 
rupture 

Level  Switch-fails  to 
operate 


Median  Failure 
Rate 

1.0  X 10"^/d 

6.0  X 10"®/hr 


3.0  X lOVhr 
3.0  X lO'^/hr 

3.0  X 10"®/hr 

1.0  X 10"®/hr 


3.0  X 10"Vd 


Comments 


Tank-rupture 

3.0  X 

lO’^/hr 

Comparable  to  weld 

failure 

Vane  straightener-leak 

3.0  X 

10‘^/hr 

Comparable  to  weld 

failure 

Turbine  meter- leak 

3.0  X 

10"^/hr 

Comparable  to  weld 

failure 
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Table  C-4 


HUMAN  RELIABILITY  ESTIMATE 


TASK  ELEMENT 

RATING 

RELIABILITY 

RATING 

RELIABILITY 

ESTIMATE 

TASK  ELEMENT 

— 

MEAN 

S.D. 

MEAN 

S.D. 

ESTIMATE 

RedJ  technical  instructions 

8.3 

2,2 

0.9918 

Remove  iniiutor 

simulator 

4.1 

1.9 

0.9983 

Read  time  (Brush  Recorder) 

8.2 

2 1 

0.9921 

1 

Install  protective 

Read  electrical  or  flow  meter 

7.0 

2.8 

0.9945 

i 

cover  (friction  fit) 

4.1 

2 2 

0 9983 

Inspect  for  loose  bolts  and 

Read  lime  (watch) 

4.1 

2.1 

0.9983 

clamps 

6.4 

1.9 

0.9955 

Verify  switch  position  4.1 

1.9 

0.9983 

Position  multiple  position 

. 1. . 

electrical  switch 

6.3 

2.4 

0.9957 

Inspect  for  lock  wire 

4.1 

2.1 

0.9983 

Mark  position  of  component 

62 

2.1 

0.9958 

Close  hand  valves 

4.0 

2.6 

0.9983 

install  lock  wire 

6 0 

2.3 

0.9961 

Install  drain  tube 

4.0 

2.1 

0.9983 

Inspect  for  bellows  distortion 

6.0 

2 7 

0 9961 

Install  torque  wrend 
adapter 

■» 

3.9 

1.7 

0.9984 

Install  Marman  clamp 

6.0 

1.8 

0.9961 

Open  hand  valves 

3.8 

26 

0.9985 

Install  gasket 

6 0 

2.1 

0.9962 

Position  two  position 

Inspect  for  rust  and  corrosion 

5.9 

2.1 

0.9963 

electrical  switch 

3.8 

1.5 

0.9985 

Install  ''O”  ring 

5 7 

2.2 

0.9965 

Spray  leak  detector 

3.7 

2.0 

0.9986 

Record  reading 

5.7 

2.3 

0.9966 

Verify  component 

Inspect  for  dents,  cracks,  and 

removed  or  installed 

3.5 

2.4 

0.9983 

scratches 

56 

2.4 

0.9967 

Remove  nuts,  plugs. 

Read  pressure  gauge 

5.4 

2 2 

0.9969 

and  bolts 

3.5 

1.7 

0.9988 

Inspect  for  frayed  shielding 

54 

23 

0.9969 

Install  pressure  cap 

3.4 

1.6 

0.9933 

Inspect  for  QC  seals 

5 3 

2.6 

0.9970 

Remove  protective 

closure  (friction  fit) 

3.2 

1.6 

0 9990 

Tighten  nuts,  bolts,  and  plugs 

5.3 

26 

0.9970 

Remove  torque 

Apply  gasket  cement 

53 

2.3 

0.9971 

wrench  adapter 

3.0 

1,6 

0.9991 

Connect  electrical  cable 

Remove  reducing 

(threaded) 

5.2 

2 2 

0.9972 

adapter 

30 

1.7 

0.9991 

Inspect  for  air  bubbles 

Remove  Marman 

(leak  check) 

5 0 

2.2 

09074 

clamp 

3.0 

1.7 

0.9991 

Install  reducing  adapter 

4.9 

16 

09975 

Remove  pressure 

Install  initiator  simulator 

4.9 

2.5 

0.9975 

cap 

28 

1.8 

0.9992 

Connect  flexible  hose 

4.9 

2.4 

0.9975 

Loosen  nuts,  bolts. 

and  plugs 

2.8 

1,3 

0.9992 

Position  "aero  in"  knob 

4.8 

1.6 

0 9976 

Remove  union 

2.7 

1.4 

09993 

Lubricate  bolt  or  plug 

4 7 

1.6 

0.9979 

Remove  lockwire 

2.7 

.5 

0 9993 

Position  hand  valves 

4 6 

16 

0.9979 

Remove  drain  tube 

2.6 

1.4 

0.9993 

Install  nuts,  plugs,  and  bolts 

46 

1.7 

09979 

Verify  light 

Install  union 

4 5 

1.8 

0.9979 

illuminated  or 

Lubricate  "O"  ring 

45 

2.5 

0.9979 

extinguished 

2.2 

1.6 

0.9996 

Rotate  gearbox  train 

4 4 

20 

0.9980 

Install  funnel  or 

hose  in  can 

2.0 

0.8 

0.9997 

Fill  sump  with  oil 

4.3 

1.6 

0.9981 

1 Remove  funnel  from 

Disconnect  flexible 

1 oil  can 

1.9 

1.4 

0.9997 

hose  t 

4.2 

20 

0.9982 

Lubricate  torque 

wrench  adapter 

4.2 

22 

09982 

1 
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Table  C-5 

HUMAN  ERROR  RATES  ESTIMATED 


Estimated  Rates 


Activity 


3 X 10'^ 


3 X 10'^ 
3 X 10"^ 


1/x 


Selection  to  a key-operated  switch  rather  than  a non- 
key switch  (this  value  does  not  include  the  error  of 
decision  where  the  operator  misinterprets  situation 
and  believes  key  switch  is  correct  choice). 

Selection  of  a switch  (or  pair  of  switches)  dissimilar 
in  shape  or  location  to  the  desired  switch  (or  pair  of 
switches),  assuming  no  decision  error.  For  example, 
operator  actuates  large  handled  switch  rather  than 
small  switch. 

General  human  error  of  commission;  e.g.,  misreading 
label  and  therefore  selecting  wrong  switch. 

General  human  error  of  omission  where  there  is  no 
display  in  the  control  room  of  the  status  of  the  item 
omitted;  e.g.,  failure  to  return  manually  operated 
test  valve  to  proper  configuration  after  maintenance. 

Errors  of  omission,  where  the  items  being  omitted  are 
embedded  in  a procedure  rather  than  at  the  end  as  above. 

Simple  arithmetic  errors  with  self-checking  but  with- 
out repeating  the  calculation  by  re-doing  it  on 
another  piece  of  paper. 

Given  that  an  operator  is  reaching  for  an  incorrect 
switch  (or  pair  of  switches),  he  selects  a particular 
similar  appearing  switch  (or  pair  of  switches),  where 
X - the  number  of  incorrect  switches  (or  pair  of 
switches)  adjacent  to  the  desired  switch  (or  pair  of 
switches).  The  1/x  applies  up  to  5 or  6 items.  After 
that  point  the  error  rate  would  be  lower  because  the 
operator  would  take  more  time  to  search.  With  up  to 
5 or  6 items  he  doesn't  expect  to  be  wrong  and  there- 
fore is  more  likely  to  do  less  deliberate  searching. 

Given  that  an  operator  is  reaching  for  a wrong  motor 
operated  valve  MOV  switch  (or  pair  of  switches),  he 
fails  to  note  from  the  indicator  lamps  that  the  MOV(s) 
is  (are)  already  in  the  desired  state  and  merely 
changes  the  status  of  the  MOV(s)  without  recognizing 
he  had  selected  the  wrong  switch(es). 


Table  C-5  (continued) 


Estimated  Rates 


-1.0 


-1.0 


5 X 10' 


.2  - .3 


-1.0 


9 X 10' 


Activity 

Same  as  above,  except  that  the  state(s)  of  the 
incorrect  switch(es)  is  (are)  not  the  desired  state. 

If  an  operator  fails  to  operate  correctly  one  of  two 
closely  coupled  valves  or  switches  in  a procedural  step, 
he  also  fails  to  correctly  operate  the  other  valve. 

Monitor  or  inspector  fails  to  recognize  initial  error 
by  operator.  Note:  With  continuing  feedback  of  the 
error  on  the  annunciator  panel,  this  high  error  rate 
would  not  apply. 

Personnel  on  different  work  shift  fail  to  check 
condition  of  hardware  unless  required  by  checklist 
or  written  directive. 

Monitor  fails  to  detect  undesired  position  of  valves, 
etc.,  during  general  walk-around  inspections,  assuming 
no  checklist  is  used. 

General  error  rate  given  very  high  stress  levels  where 
dangerous  activities  are  occurring  rapidly. 

Given  severe  time  stress,  as  in  trying  to  compensate 
for  an  error  made  in  an  emergency  situation,  the 
initial  error  rate,  x,  for  an  activity  doubles  for  each 
attempt,  n,  after  a previous  incorrect  attempt,  until 
the  limiting  condition  of  an  error  rate  of  1.0  is 
reached  or  until  time  runs  out.  This  limiting 
condition  corresponds  to  an  individual's  becoming 
completely  disorganized  or  ineffective. 

Operator  fails  to  act  correctly  in  the  first  60  seconds 
after  the  onset  of  an  extremely  high  stress  condition; 
e.g. , a large  LOCA. 

Operator  fails  to  act  correctly  after  the  first  5 
minutes  after  the  onset  of  an  extremely  high  stress 
condition. 

Operator  fails  to  act  correctly  after  the  first  30 
minutes  in  an  extreme  stress  condition. 
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10  Operator  fails  to  act  correctly  after  the  first  several 

hours  in  a high  stress  condition. 


X After  7 days  after  a large  LOCA,  there  is  a complete 

recovery  to  the  normal  error  rate,  x,  for  any  task. 


(a)  Modification  of  these  underlying  (basic)  probabilities  were  made  on 
the  basis  of  individual  factors  pertaining  to  the  tasks  evaluated. 

(b)  Unless  otherwise  indicated,  estimates  of  error  rates  assume  no  undue 
time  pressures  or  stresses  related  to  accidents. 


5.  Coupling  of  human  actions. 

6.  Type  of  display  ^-edback. 

7.  Personnel  redundancy. 


Of  particular  interest  is  their  conclusions  that,  the  minimum  error  rate 

-5 

for  human  performance  of  a task  was  10  /task.  Even  in  situations  where 

the  performance  and  verification  of  the  task  was  completed  independently, 

this  minimum  rate  was  assumed.  This  conclusion  was  based  on  the 

difficulties  and  subjective  nature  of  estimating  human  reliability.  The 

-5 

same  minimum  human  error  rate  of  10  /d  will  be  assumed  in  this  analysis 
to  ensure  conservative  estimates. 

The  human  failure  rates  used  in  this  analysis  are  presented  in 
Table  C-6. 


Table  C-6 
HUMAN  ERROR  RATES 


Activitv 


Verify  Switch  Position 

Verify  Component  Inrtal led/Removed 

Close  Hand  Valve 

Complete  Procedure 

Perform  and  Verify  Task 


Error  Rate 

2 X 10‘^/D 
1.2  X lO'^/D 
1.7  X 10"^/D 

3 X 10"^/D 
1 X lO'^/D 


Table  C-7  (Table  3-12  in  main  text)  presents  all  of  the  failure  rates 
used  in  this  analysis.  To  accurately  determine  the  probability  of  oil  spill 
from  a DWP,  not  only  single-point  estimates  of  failure  rates  must  be  known, 
but  also  the  statistical  distribution  of  the  failures  should  be  used  to 
determine  the  sensitivity  of  the  prediction  to  perturbations  in  the  failure 
rates.  The  RSS  quotes  error  factors  for  component  failures  and  assumes  a 
lognormal  distribution  for  all  failures  so  that  sensitivity  can  be  examined. 
(These  assumptions  are  currently  being  reviewed  for  validity.)  In  this 
analysis,  however,  this  phase  of  data  collection  was  hampered  by  the 
scarcity  of  data.  Therefore,  no  estimate  of  the  distribution  of  spill 
frequency  as  a function  of  failure  rate  distributions  is  provided. 


V 


Rates  for  other  failures  which  appear  on  ihe  fault  trees 
(Section  3.3)  were  calculated  as  needed.  These  include: 

1.  Spill  Tank  Overflows  = Pr  (Large  Valve  Leak)  x Pr  (Tank  not 

Checked  Hourly)  = — x ^ ■ x 1.2  x 10"^^/hr. 

2.  Hose  Fracture  During  Breakout  = 1. 

3.  Insufficient  Time  to  Disconnect  Hoses  During  Breakout  = 1 

4.  Earthquake  Damages  Platform  <10”®/yr  for  Locations  in  the 
Gulf  of  Mexico.  For  West  Coast  locations  the  probability  is 
10‘^/yr  (C-4). 

5.  Vane  straightener  and  turbine  flow  meter  leaks  weld  leaks. 

6.  Hole  in  Deck  = Pr  (Repair  Not  Completed/Hole)  x Pr  (Inspection 
Not  Completed/Hole)  x Pr(Hole)  = 3.7  x 10'^  x 1.7  x 10"^ 

X 1 lO’^/yr. 

7.  Pump  Mechanical  Seal  Leaks  = 2 x Pr(6asket  Leaks)  = 

2 X 3 X lO'Vhr  = 6 x 10’®/hr. 
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Component  Failure/ 
Event  Activity 


Table  C-7 
FAILURE  RATE  DATA 


Data  Source 


Failure  Rate 


Pump-fails  to  start 

1 X 

10  ^ /D 

RSS 

Level  Switch-fails 

to  operate 

3 X 

10  ^/D 

RSS 

Flange  - leak 

3 X 

10“’^/hr 

RSS 

Gasket  - leak 

3 X 

10"®/hr 

RSS 

V/eld  - leak 

3 X 

10"®/hr 

RSS 

Valves-MOV  or  Check 
external  leak  or 
rupture 

1 X 

10“®/hr 

RSS 

Pipe-leaks,  all 

1 X 

10“'^/ft-yr 

causes 

1 X 

10-11/ft-hr 

OPS 

Pipe-weld  leaks 

3 X 

10-8/ft-yr 

OPS 

Pipe-corrosion  failure 

2 X 

10"^/ft-yr 

OPS 

Hose-leak  from 
string 

1 X 

10"^/hr 

OE 

Hose-external  damage 

2.2 

X 10"  ^/hr 

OE 

Mooring-lines  break 

4,9 

X 10"^/hr 

OE 

Ship  expansion 
joint  - leaks 

4.9 

X 10"^/ hr 

OE 

Fluid  Swivel-leaks 

4.9 

X 10"^/hr 

OE 

Operator-verif y 

_'5 

switch  position 

2 X 

10  /D 

Sandia 

Operator-verif y 

component  installed/ 
removed 

1.2 

X 10  /D 

Sandia 

Operator-close 
hand  valve 

1.7 

X 10~^/D 

Sandia 

Operator- complete 
procedure 

3 X 

10"^/D 

Sandia 

Ship  Collision-spill 

1.4: 

X 10"^/yr 

uses 

Fire  or  explosion- 
spill 

3 X 

lO'^^/yr 

USGS 
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Table  C-7  (continued) 


Component  Failure/ 
Event  Activity 


Failure  Rate 


Data  Source 


Platform  supports- 
structural  failure 

9 x 

10~^/yr 

uses 

Waste  System  - spill 

6.0 

X 10“^ /vr 

USGS 

Pump-mechanical  seal 
leaks 

6 X 

10~®/hr 

2 

Underbuoy  Hose- 
leaks 

1.2 

X 10  ^/hr 

2 

Vane  Straightener  - 
leaks 

3 X 

10"®/hr 

2 

Turbine  Flow  Meter  - 
leaks 

3 X 

10“®/hr 

2 

Deck  - hole  not 
repaired 

1 X 

10  '^/yr 

2 

Hose  - filled  with 
oil  between  ships 

0.6  /yr 

2 

Earthquake 

<10~®/yr 

2 

1.  Operating  Experience  (OE) 

2.  Calculated  using  the  assumption  stated  in  the  text  of 
Appendix  C. 
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